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I.     EXECUTIVE  SUMMARY 

A.       Purpose 

This  section  is  intended  to  summarize  the  Tongue  River  Dam  Risk  Assessment 
Report  and  to  serve  as  a  briefing  document  for  use  by  DNRC  in  making 
presentations  to  the  Montana  Legislature, 

The  spillway  capacity  of  the  Tongue  River  Dam  is  inadequate  to  safely  pass  the 
Probable  Maximum  Flood  (PMF)  'vithout  failing  the  dam.  The  dam,  therefore, 
poses  a  high  risk  to  downstream  property  and  lives. 

A  risk  assessment  was  performed  using  probability  theory  to  evaluate  a  number  of 
alternative  actions  that  have  been  proposed  to  help  mitigate  the  current  risks.  The 
event-system  response-outcome-exposure-consequence  diagram  shown  in  Figure  I-l 
demonstrates  the  overall  flow  of  the  risk  assessment  process. 
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FIGURE  1-1  EVENT-SYSTEM   RESPONSE-OUTCOME-EXPOSURE-CONSEQUENCE  DIAGRAM 
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The  risk  nodel  used  for  the  assessment  is  called  an  event  tree  and  is  shown  in 
Figure  1-2.  The  event  tree  depicts  the  sequence  of  events  starting  out  from  each 
initiating  loading  event  to  an  ultimate  fail/no  fail  outcome.  The  actual  mathe- 
matical calculations  used  to  quantify  the  risks  were  made  using  spreadsheet 
programs  on  personal  computers. 
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B.        Results 

Analysis  of  Existing  Dam 

A  breakdown  of  net  annual  risk  cost  and  annual  probability  of  failure  by  load  types 
are  shown  in  the  pie  charts  in  Figure  i-3c  The  same  infortnation  broken  down  by 
failure  mechanism  is  shown  in  Figure  I-^=  These  figures  indicate  the  relative 
contribution  to  the  risk  of  dam  failure  by  each  load  type  and  failure  mode. 
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Comparison  of  Alternative  Actions 

Table  I-l  shows  a  comparison  of  all  the  alternatives  in  terms  of  construction  costs, 
flood  protection  levels,  estimated  annual  net  risk  costs,  potential  for  loss  of  life, 
and  other  considerations. 
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The  annual  risk  costs  and  the  estimated  probability  of  life  loss  for  each  alternative 
are  shown  graphically  in  Figure  1-5.  The  total  annual  costs  (annual  net  risk  cost 
plus  annualized  construction  cost)  for  each  alternative  are  plotted  in  Figure  1-6. 
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LIFE   LOSS  OR  DAM  FAjLURE  FOR   ALL   ALTERNATIVES 
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Uncertainty  Analysis 

There  is  always  some  leve!  of  uncertainty  involved  in  making  a  risk  assessments 
Sensitivity  studies  are  usually  made  to  evaluate  the  impact  of  the  uncertainties  on 
the  conclusions  reached  from  the  risk  assessment.,  The  three  most  significant 
parameters  of  the  study  were  return  period  of  the  PMF,  economic  damages,  and 
the  probability  of  system  responses  to  initiating  events.  The  results  of  the 
uncertainty  analysis  showed  no  significant  change  in  the  ranking  among  the 
alternativeSo  Alternative  D  is  clearly  the  least  cost  alternative  among  all  those 
which  did  not  consider  breaching  the  dam  (Alternative  E)  or  taking  no  action 
(Alternative  A). 

Comparison  With  Other  Risks 


It  is  useful  to  know  how  the  risks  of  loss  of  life  associated  with  the  Tongue  River 
Dam  compare  to  other  risks  faced  by  societyo 
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Table  1-2  shows  how  the  costs  to  save  a  life  for  Tongue  River  Dam  compare  to 
other  types  of  regulated  risks  and  includes  a  partial  list  of  annual  deaths  in  the 
United  States  by  causes.  \  comparison  of  cost-per-life-saved  is  plotted  in  Figure 
1-7. 

TABLE  1-2 
COMPARISON  OF  RISKS 


1/5,000   Years  =  0.0002  Risk  of  Dam  Failure  (Involuntary)* 

1  in  It, 000  =  .00025  Risk  of  Death  from  Auto  Accident  in 

the  United  States  (Voluntary)* 

SOURCE:    Comment  on  Societal  Risk  -  David  Okrent  -  April  1980. 

Energy  Risk  ManaRement,  G.T.  Goodman  &  *.D.  Rowe,  1979. 
♦Voluntary  and  involuntary  risk  values  should  not  be  compared  directly. 

Annual  Deaths  in  the  United  States  by  Causes 
(USBR  1983  Workshop  Handout) 

Causes  Number  of  Deaths 


AH  Causes  1,900,000 

Health  Related 

Heart  and  Artery  Diseases  800,000 

Cancer  400,000 

Smoking  iit6,000 

Result  of  Alcohol  205,000 

Stroke  170,000 

Crime  Related 

Violence  (Homicide  and  Suicide)  '(8,000 

Child  Abuse  5,000 

All  Accidents  106,000 

Motor  Vehicles  (Alcohol  related  26,000)  52,000 

Falls  l^t.OOO 

Fires  6,200 

Drowning  5,800 

*ater  Transport  Accidents  1,500 

Flash  Floods  200 

Lightning  150 

Tornadoes  1 20 

Others  26,030 

Dam  Failure  (Before  1960)  15 

Dam  Failure  (Since  1978)  2 

Examples  of  Cost-Per-Life-Saved  Criteria 

Agency  or  Regulatory  Discipline $  X  10  /Life  Saved 

Nuclear  Power  Plant  Design  Features 

Radwaste  Effluent  Treatment  Systems  10 

Containment  U 

Occupational  Health  and  Safety 

OSHA    Coke  Fume  Regulations  4.5 

OSHA  Benzene  Regulations  300 

Envircjnmental  Protection 

EPA    Vinyl  Chloride  Regulations  4 

Automotive  and  Highway  Safety 

Seat  Belts  0.08 

TONGUE  RIVER  DAM  ALTERNATIVE  B  96.0 

TONGUE  RIVER  DAM  ALTERNATIVE  C  Bt.O 

TONGUE  RIVER  DAM  ALTERNATIVE  D  3.t 

TONGUE  RIVER  DAM  ALTERNATIVE  E  2.1 

1.  From  N.3.  McCormick,  "Reliability  and  Risk  Analysis",  1981. 

2.  From  E.P.  O'Donnell  and  2.3.  Mauro,  "Nuclear  Safety",  1979. 

3.  OSHA,  Occupational  Safety  and  Health  Administration. 
1*.        EPA,  Environmental  Protection  Agency. 
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FIGURE  I  -  7  COST-PER-LIFE-SAVED  (CPLS)  FOR  ALTERNATIVES  COMPARED  WITH 

SOME  SELECTED  CPLS  FIGURES  FROM  OTHER  PUBLIC  SAFETY  AREAS. 

C.       Conclusions 


The  conclusions  reached  in  the  risk  assessment  were  as  follows: 

I.  Because  the  Probable  Maximum  Precipitation  (PMP)  values  developed  using 
Hydrometeorologial  Report  No.  55  (HMR  55)  fall  within  the  confidence  bands 
shown  in  Harza's  study,  the  Probable  Maximum  Flood  (PMF)  developed  by 
Harza  was  considered  acceptable  and  used  in  this  report. 


Spring  PMF: 

Peak  Discharge 
15-Day  Volume 


382,000  ft.^/s 
1,360,000  acre-feet 


Summer  PMF: 

Peak  Discharge 
2fO-Hour  Volume 


108,000  it.   /s 
91,000  acre-feet 
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2.  The  largest  estimated  net  annual  risk  costs  and  probability  of  failure  of  the 
existing  dain  are  due  to  hydrologic  loading  conditions. 

3.  The  largest  net  risk  costs  and  probability  of  failure  of  the  existing  dam  would 
most  likely  occur  due  to  progressive  failure  of  the  spillway  and  stilling  basin 
taiirace. 

'f.  The  five  alternative  project  configurations  assessed  for  risk  and  least  cost  in 
this  study  were  selected  jointly  by  DNRC  staff  and  PRC  from  work  per- 
formed previously  by  the  Bureau  of  Reclamation  and  Harlan  Miller  Tait 
Associates. 

The  alternatives  investigated  in  this  assessment  included: 

A.  Existing  dam  structure  with  no  structural  modifications  and  present 
reservoir  operating  restrictions  removed  -  "Existing  Dam." 

B.  Modify  the  dam  and  spillway  to  safely  pass  the  PMF  and  increase 
reservoir  storage  -  "Spillway  Capacity  -  382,000  cfs  (100%  PMF)." 

C.  Modify  the  dam  and  spillway  to  pass  a  103,400  cfs  flood  -  "Spillway 
Capacity  -  [03,1+00  cfs  (27%  PMF)." 

D.  Modify  the  spillway  and  energy  dissipator  to  pass  a  design  capacity  of 
60,000  cfs  (the  originally  intended  design  capacity  at  a  water  surface  of 
El.  3^37A  based  on  original  construction  drawing  No.  9  -  GR  dated 
March  1'4,  1938)  -  "Spillway  Capacity  -  60,000  cfs  (16%  PMF)." 

E.  Breaching  the  dam  and  restoration  of  the  reservoir  area  -  "Breach." 

5.  Updating  the  Emergency  Action  Plan  regularly  and  maintaining  and  testing 
the  emergency  warning  system  periodically  provides  the  greatest  protection 
and  beneficial  reduction  in  the  risk  of  life  loss  due  to  flooding  from  dam 
failure. 
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6.  Alternative  A  -  "Existing  Darn"  has  the  least  total  annual  cost  (sunn  of  annual 
net  risk  cost  and  annualized  construction  cost)  among  all  the  alternatives 
because  the  construction  cost  is  zero,  but  has  the  highest  annual  risk  cost  and 
represents  the  largest  risk  to  property  downstream  and  lives  (annual  probabil- 
ity of  life  loss  estimated  to  be  1  chance  in  270). 

7.  Alternative  B  -  "Spillway  Capacity  382,000  cfs  (100%  PMF)"  has  the  largest 
total  annual  cost  atnong  all  the  alternatives  but  has  one  of  the  smallest  risks 
to  downstream  property  damage  and  life  loss  (annual  probability  of  life  loss 
estimated  to  be  1  chance  in  17,600). 

8.  Alternative  C  -  "Spillway  Capacity  103,400  cfs  (25%  PMF)"  has  the  second 
highest  total  annual  cost  among  all  the  alternatives  and  has  a  small  risk  to 
property  and  life  (annual  probability  of  life  loss  estimated  to  be  1  in  6,800). 

9.  Alternative  D  -  "Spillway  Capacity  60,000  cfs  (16%  PMF)"  produces  the 
second  largest  reduction  in  annual  risk  costs  for  the  least  total  annual  cost 
compared  to  the  existing  dam  from  among  all  the  alternatives  and  had  a 
significant  reduction  in  the  risk  to  property  and  life  downstream  (annual 
probability  of  life  loss  estimated  to  be  1  in  ^^,000). 

10.  Alternative  E  -  "Breach"  was  the  only  alternative  which  reduced  the  annual 
risk  cost  to  zero;  but  at  a  total  annual  cost  exceeding  that  of  Alternative  ^  - 
"Existing  Dam"  (see  Figure  1-6)  and  all  project  benefits  would  be  lost.  The 
risk  to  life  downstream  due  to  dam  failure  would  be  reduced  to  zero. 

11.  Based  on  results  from  the  uncertainty  analysis  which  included  sensitivity 
analyses  of  the  flood  frequencies,  system  responses  and  damage  estimates, 
Alternative  D  remained  the  top  ranked  among  all  alternatives  compared  to 
the  existing  dam  in  maximum  reduction  in  annual  risk  cost  for  least  total 
annual  cost,  with  the  exception  of  Alternative  E.  This  observation  is  a 
function  of  costs  only  and  does  not  include  life  loss  considerations  (see 
conclusion  12). 
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12.  The  ranking  of  all  alternatives  on  the  basis  of  downstream  ris'<  to  life  fron 
highest  to  lowest  risk  was  Alternatives  A,  D,  C,  B,  E.  Although  Alterna- 
tive D  is  ranked  second  highest  to  the  existing  darn,  Alternative  A,  it  is 
evident  based  on  Figure  1-5  that  the  risk  to  life  is  significantly  reduced 
between  Alternative  \  and  all  the  others.  Therefore,  Alternative  0 
compares  favorably  with  Alternatives  B,  C  and  E  in  effectively  reducing  the 
probability  of  life  loss  downstream. 

13.  The  conclusions  reached  in  the  study  and  contained  in  this  section  were  all 
predicated  on  the  assumption  that  legally  the  State  of  Montana  would  not  be 
liable  for  punitive  damages  and  economically  the  state's  liability  vvould  be 
limited  to  the  incremental  damages  greater  than  those  attributable  to  natural 
flood  flow  that  would  occur  without  the  Tongue  River  dam.  Any  changes  in 
the  legal  environment  which  deviate  from  those  assumed  could  significantly 
alter  the  conclusions  and  the  viability  of  the  risk  assessment  approach 
followed.  A  legal  opinion  by  DNRC  legal  counsel  addressing  this  subject  is 
contained  in  Appendix  A. 
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II.    INTRODUCTION 


A.  Authorization 

This  study  of  the  Tongue  River  Dam  was  authorized  under  the  terms  of  Contract 
No.  ^;^E-PRC-206  dated  23  3uly  1986  between  PRC  Engineering,  Inc.,  Englewood, 
Colorado,  and  the  Montana  Department  of  Natural  Resources  and  Conservation, 
Helena,  Montana.  Notice  to  Proceed  was  given  in  the  letter  transmitting  the 
contract  also  dated  23  July  1986. 

B.  General 

This  report  presents  the  results  of  a  risk  assessment  for  the  Tongue  River  Dam.  A 
risk  assessment  addresses  the  potential  risks  for  a  given  set  of  conditions  given  the 
estimated  frequency  of  loadings,  the  potential  response  of  the  dam  to  those 
loadings,  and  the  potential  economic  damages  and  threat  to  life  resulting  from  the 
combined  effect  of  the  estimated  frequency  of  the  loadings,  and  the  potential 
response  of  the  dam  to  those  loadings. 

The  dam  and  the  entire  project  has  been  studied  previously  with  regard  to 
improving  its  present  condition,  maintaining  its  present  condition  or  increasing  the 
present  project  benefits  of  agricultural  water  supply,  recreation,  and  others.  This 
study  evaluates  a  range  of  actions  to  reduce  the  risk  of  dam  failure  in  terms  of  a 
risk  assessment,  including  the  direct  costs  of  each  action  alternative,  the  risk  costs 
due  to  dam  failure,  and  the  potential  for  life  loss. 

The  Tongue  River  Dam  is  located  on  the  Tongue  River  approximately  10  miles 
north  of  the  Montana-Wyoming  border  in  Big  Horn  County  as  shown  in  Figure  II- 1. 
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FIGURE  11-1   TONGUE  RIVER  DAM  PROJECT  -  MONTANA 
VrCINITY  MAP 
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The  dam  was  constructed  in  1937-193S  and  first  operated  in  1939.  The  embank- 
ment dam  is  91  feet  high,  has  a  crest  width  of  5^-.')  feet  and  a  crest  length  of  l,S2'4 
feet.  The  reservoir  has  a  total  capacity  at  the  uncontrolled  spillway  crest  of 
69,^-00  acre-feet  and  a  surface  area  of  3,500  acres.  The  reinforced  concrete 
spillway  is  located  in  the  left  abutment  and  consists  of  a  free  overflow  crest  (crest 
elevation  342'f.^),  an  open  chute  and  a  solid-type  roller  bucket  energy  dissipator. 
The  spillway  width  varies  from  350  feet  at  the  crest  to  100  feet  at  the  upstream 
end  of  the  energy  dissipator.  The  existing  outlet  works  consist  of  a  box  intake 
structure  with  trashracks  and  a  16-foot  diameter  horseshoe-shaped  concrete-lined 
tunnel  that  discharges  into  the  spillway  chute  at  the  upstream  end  of  the  energy 
dissipator.  The  maximum  design  discharge  of  the  outlet  works  is  rated  at 
^,300  cfs. 

The  dam  was  inspected  under  the  National  Darn  Safety  Program  and  a  Phase  I 
Inspection  Report  was  completed.  The  dam  has  been  classified  as  a  high  hazard 
dam  due  to  potential  loss  of  life  in  the  event  of  a  dam  failure.  The  original 
spillway  design  flood,  with  a  peak  inflow  of  96,000  cfs,  is  approximately  25%  of  the 
current  PMF  (peak  inflow  of  382,000  cfs).  The  increase  in  the  size  of  the  PMF, 
determined  in  a  1983  study  by  Harza,  is  due  to  advances  in  hydrologic  practices  and 
to  ^7  years  of  additional  data  upon  which  the  calculations  were  based.  In  its 
present  condition,  the  Tongue  River  Dam  spillway  could  potentially  fail  for 
discharges  of  about  13,000  to  16,000  cfs  (corresponding  to  peak  reservoir  inflow  at 
17,000  to  20,000  cfs).  The  project  benefits  would  be  curtailed,  and  rnost 
importantly  there  is  a  strong  possibility  of  life  loss. 
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III.  BACKGROUND 

A.  Purpose 

The  firm  of  Harlan  VUiler  Tait  Associates  has  prepared  several  design  alternatives 
to  partially  or  fully  rehabilitate  the  dam  and  spillway  to  accommodate  various 
levels  of  inflow  design  floods,  including  the  PMF  established  in  1983.  The 
Department  of  Natural  Resources  and  Conservation  (DNRC)  is  responsible  for 
making  a  recommendation  to  the  Montana  Legislature  for  which  alternative 
modification  is  preferable.  The  DNRC  plans  to  include  the  results  of  this  risk 
assessment  in  its  deliberations  of  which  design  alternative  to  recommend. 

B.  Philosophy  of  Risk  Assessment 

Dam  engineering  is  not  an  exact  science.  The  successful  design  and  construction  of 
dams  requires  the  application  of  the  judgement  of  highly  experienced  engineers, 
geologists,  hydrologists,  and  others.  Traditionally,  the  approach  to  dam  design 
focuses  deterministic  analysis  on  extreme  events,  such  as  the  probable  maximum 
flood  or  the  maximum  credible  earthquake,  and  uses  conservative  estimates  of  such 
properties  as  concrete  or  soil  strengths.  Safety  factors  are  used  to  evaluate  the 
ratio  of  resisting  forces  and  moments  to  driving  forces  and  overturning  moments 
for  structural  stability.  As  a  result,  through  the  practice  of  the  traditional 
approach,  which  is  based  on  the  accumulation  of  many  decades  of  dam  engineering 
experience,  an  impressive  safety  record  has  been  achieved. 

The  traditional  approach,  however,  does  not  attempt  to  explicitly  quantify  all 
significant  risk  factors  for  a  dam.  Nor  does  it  explicitly  determine  the  degree  of 
safety,  which  can  be  justified  for  a  particular  structure,  considering  the  potential 
consequences  of  a  sudden  release  of  the  contents  of  a  reservoir  following  dam 
failure.  The  risk  assessment  approach  provides  the  framework  to  make  such  a 
quantitative  determination  and  can  provide  a  basis  for  evaluating  the  least  cost 
(considering  risk  cost  and  annualized  capital  cost)  alternative  for  safety  improve- 
ments for  an  existing  dam. 
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IV.     METHOD  OF  ANALYSIS 
A.       Background 

Different  levels  of  detail  in  the  risk  assessment  procedures  used  for  dam  safety 
evaluations  are  appropriate  at  different  stages  in  the  life  of  a  dam.  As  the  data 
base  for  a  dam  grows,  and  as  the  issues  to  be  addressed  change  fron  general 
questions  of  site  selection  to  specific  issues  of  the  selection  of  design  parameters, 
the  degree  of  detail,  which  can  be  justified  for  the  risk  assessment  grows 
correspondingly  (Bowles,  et  al.,  1978;  Howell,  Anderson,  Bowles,  and  Canfieid, 
1980).  Three  levels  of  risk  assessment  are  generally  defined.  In  order  of  mcreasing 
detail,  they  are  the  planning  level,  the  screening  level,  and  the  design  level. 

At  the  planning  level,  it  is  advantageous  to  introduce  an  estimate  of  risk  cost 
associated  with  dam  failure  into  the  benefit-cost  analysis  as  a  means  of  including 
societal  risk  into  the  process  of  deciding  to  build  a  dam  (Pate-Cornell  and  Togaras, 
1986).  At  this  level,  the  estimated  probabilities  and  consequences  of  dam  failure 
are  only  approximate,  and  usually  will  rely  heavily  on  historical  information  (U.S. 
Water  Resources  Council,  1979). 

The  screening  level  application  involves  the  ranking  of  dams  in  order  of  priority  for 
the  expenditure  of  limited  funds  to  pay  for  remedial  action.  In  this  context,  the 
absolute  values  of  probability  and  consequence  estimates  are  less  important  than  a 
consistent  procedure  for  estimating  them  so  that  an  accurate  ranking  will  be 
achieved.  At  the  screening  level,  site  specific  conditions  would  typically  be 
evaluated  using  reconnaissance-level  investigations  and  only  approximate  engineer- 
ing and  economic  analyses  (FEVIA/Stanford,  1985).  An  example  of  the  screening 
level  risk  assessment  was  the  method  developed  for  FEMA  by  Stanford  University 
(McCann,  et  al.,  1985). 

A  design  level  risk  assessment  involves  detailed  questions  such  as  the  selection  of 
design  standards  and  choices  between  design  alternatives  for  a  dam  and  its 
appurtenant  structures.  Carefully  estimated  probabilities  and  consequences  must 
take  into  account  site-specific  conditions  based  on  detailed  site  investigations  and 
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engineering  and  economic  analyses.  In  addition,  the  sensitivity  of  conclusions  must 
be  investigated  with  respect  to  uncertainties  in  the  estimates  of  both  probabilities 
and  consequences.  The  only  documented  procedures  at  the  design  level  are  by  the 
U.S.  Bureau  of  Reclamation  (1986).  Work  which  contributed  to  these  procedures 
includes  Howell,  Anderson,  Bowles,  and  Canfield  (1980).  The  design  level  of  risk 
assessment  was  used  to  assess  the  risk  posed  by  the  Tongue  River  Dam. 

3.        Design  Level  Risk  Assessment 

There  are  four  steps  involved  in  a  design  level  risk  assessment  as  shown  in 
Figure  IV-1. 


RISK      ASSESS  MENT 


RISK 
IDENTIFICATION 

RISK 
ESTIMATION 
-DO     NOTHING 

R 

SK 

- 

EVALUATION 

-ACCEPTABLE 

RISK  ■) 

Y 

NO 

- 

RISK 
ESTlMlTION 
-  AVERSION 
MEASURES 

MRLEMENTATIOM 


•owe*  :  BowtM  (ia87) 

FIGURE  rv-l  RISK  ASSESSMENT  FRAMEWORK 


For  step  one,  risk  identification,  sequences  of  events  are  identified,  beginning  with 
events  that  could  initiate  dam  failure,  and  ending  with  the  consequences  of  the 
failure.  Initiating  events  are  classified  as  external  or  internal.  External  events 
include  earthquakes,  floods,  and  upstream  dam  failure  (not  applicable  at  Tongue 
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River  0am).  Internal  events  include  chemical  changes  in  soil  or  concrete 
properties,  and  latent  construction  defects.  The  loading  events  investigated  in  this 
study  are  discussed  in  detail  in  Section  V  -  Loadings. 

These  and  other  dam-reservoir  system  responses  are  failure  modes  which,  if  serious 
enough,  can  lead  to  the  outco;ne  of  the  sudden  release  of  reservoir  contents.  The 
magnitude  of  the  resulting  property  damage  and  life  loss  depends  on  various 
exposure  factors.  These  include  flood  routing  to  determine  the  path  and  travel 
time  of  the  flood  wave  and  the  area  of  inundation,  the  time  of  day,  season  of  the 
year,  and  the  effectiveness  of  the  warning  system  and  evacuation  plans  as 
discussed  in  Section  VIII  -  Damage  Assessment.  The  consequences  identified  in 
Section  VIII  are  classified  as  life  loss  and  economic  loss,  which  include  property 
damage,  cost  of  dislocations,  and  loss  of  project  benefits.  During  the  identification 
step,  professsional  judgement  and  experience,  review  of  available  information,  and 
a  site  visit  were  used  to  develop  the  list  of  initiating  events,  system  responses, 
outcomes,  exposure  factors  and  consequences  which  apply  to  the  Tongue  River 
Dam-Reservoir  system.  A  "pathways"  diagram  was  constructed  to  describe  these 
event-consequence  sequences  as  shown  in  Figure  IV-2. 
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The  second  step,  in  the  design  level  risk  assessment  procedure,  is  the  estimation  of 
the  probability  and  consequence  components  of  risk.  The  types  of  probabilities 
estimated  are  shown  on  Figure  IV-3  and  are  as  follows: 
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FIGURE  IV-3  RISK-BASED  METHOD  FOR  DAM  SAFETY  IMPROVEMENTS 
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0  Annual  probability  of  occurrence  of  loading  in  a  range  of  magnitudes,  E  -Prob 

(E). 

0         Conditional  response  probability  of  dam  failure  by  a  specified  failure  mode, 
F,  given  the  loading  occurs  in  the  range,  E  -  Prob  (F/E), 

o         Conditional    probability   of    the  outcome,   O,    release  of   reservoir   contents, 
given  that  failure  mode,  F,  occurs  -  Prob  (O/F). 

o         Conditional  probability  of  life  loss,  L,  for  a  population  at  risk  (PAR)  given 
that  the  outcome,  O,  occurs  -  Prob  (L/O). 

The  probabilities  determined  for  each  loading  event,  system  response,  outcome, 
and  life  loss  are  discussed  and  tabulated  on  spreadsheets  in  Section  IX  -  Risk 
Analysis  Computation.  Of  three  general  approaches  to  probability  estimation, 
historical/empirical,  judgemental,  and  analytical,  the  historical/empirical  and 
judgemental  approaches  were  combined  for  this  study. 

The  historical/empirical  approach  uses  historical  frequencies  of  events  as  probabil- 
ity estimates  for  the  hydrological  and  seismic  loading  events.  The  larger  the 
available  sample  size  used,  the  better  the  estimate  is  expected  to  be.  For  the 
Tongue  River  Dam,  the  hydrological  records  are  considered  of  relatively  good 
quality  and  the  details  of  the  flood  frequency  determinations  are  presented  in 
Section  V.A  -Loadings,  Hydrological.  The  seismicity  records  are  also  of  reasonably 
good  quality  and  the  earthquake  frequency  determinations  are  presented  in  Section 
V.B  -Loadings,  Seismic. 

Empiricism  is  used  in  the  approach  for  estimating  the  probability  of  failure  of  the 
dam  given  the  various  event-response  probabilities  based  on  recorded  data  of  dam 
failures.  These  data  bases  have  been  compiled  by  various  investigators  (e.g.. 
Bureau  of  Reclamation,  Stanford  University)  and  were  used  in  this  study.  Because 
these  data  bases  are  usually  small  for  a  particular  category  of  dam,  especially 
large  dams,  and  will  provide  only  an  estimate  of  probability  of  failure  for  "average" 
conditions  rather  than  for  the  specific  conditions  at  the  dam,  the  historical/ 
empirical  probability  estimates  were  used  as  initial  estimates.     They  were  then 
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updated  or  revised  based  on  judgement  using  additional  specific  information  about 
the  dain  obtained  from  field  work,  laboratory  testing,  and  engineering  analysis 
performed  previously  by  others. 

The  third  method  of  probability  estimation  is  the  analytical  method.  For  example, 
it  can  be  used  to  derive  directly  calculated  response  probabilities  for  slope  stability 
given  probability  distributions  for  strength  parameters.  This  approach  was  not  used 
for  this  study  because,  at  this  time,  the  analytical  approach  is  generally  considered 
to  need  additional  research  and  development  before  it  is  ready  for  use  in  practical 
dam  risk  assessments. 

The  last  tasks  to  be  completed  in  step  two  of  risk  estimation  are  to  estimate 
economic  and  life  losses  and  to  examine  exposure  factors.  A  detailed  discussion  of 
these  inputs  is  presented  in  Section  VIII  -  Damage  Assessment. 

The  product  of  step  two  is  an  estimate  of  the  probability  of  failure,  the  risk  cost, 
and  life  loss  that  would  be  associated  with  each  failure  mode.  If  the  risks  are 
unacceptable,  then  Step  3  -  Risk  Aversion  is  pursued  which  involves  developing 
alternatives  for  risk  aversion.  This  can  be  accomplished  by  reducing  the  probabili- 
ties associated  with  a  system  response  or  outcome,  or  by  reducing  the  exposure 
probabilities.    Both  structural  and  non-structural  measures  may  be  considered. 

The  product  of  the  aversion  step  is  an  estimate  of  the  reduction  in  probability  of 
failure,  the  risk  cost,  and  life  loss  that  can  be  attributed  to  the  implementation  of 
a  risk  aversion  measure.  Such  reductions  are  used  as  an  estimate  of  the  benefits  of 
the  measure,  and  hence,  economic  analyses  such  as  least  cost  (sum  of  risk  cost  and 
cost  of  risk  aversion  measure)  or  a  benefit-cost  analysis  can  be  performed.  A 
discussion  of  the  risk  aversion  alternatives  considered  in  this  study  is  presented  in 
Section  VII  -Alternatives  Considered.  The  results  of  the  benefit-cost  analysis  are 
contained  in  Section  X  -  Discussion. 

The  final  step  in  the  risk  assessment  process  is  the  decision  of  how  much  risk  is 
acceptable.  Although  the  consultant  has  supplied  information  which  is  input  to  the 
decision  making  process,  the  actual  decision  must  be  made  by  the  DNRC  and 
Montana  Legislature,  for  the  State  of  Montana,  the  owner  of  the  dam. 
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LOADINGS 


Three  types  of  loading  events  were  analyzed.  The  first  type  of  event  involved  dam 
failure  due  to  large  flood  inflows.  The  second  and  third  types  of  events  concerned 
dam  failure  due  to  non-flood  related  causes,  i.e.,  earthquake-induced  failure  and 
static  failure  due  to  internal  deterioration  but  not  associated  with  a  flood  or 
earthquake. 


A.       Hydrological 


Introduction 


Hydrologic  loading  on  a  dam  is  due  to  the  hydrostatic  and  dynamic  forces  acting 
on  the  reservoir/spillway  system  during  routing  of  the  floods  represented  by  the 
inflow  hydrograph  associated  with  the  hydrologic  event  being  considered.  The 
specific  type  of  events  considered  for  the  risk  assessment  were  based  on 
deficiencies  at  the  existing  Tongue  River  Dam  and  the  proposed  modification 
alternatives  for  the  dam. 

The  present  study  was  based  on  the  concept  of  assessing  partial  risks  for  several 
load  levels  over  the  entire  range  of  expected  loading  conditions.  The  partial  risks, 
attributable  to  each  loading,  were  summed  to  determine  the  total  risk.  Probabilis- 
tic hydrologic  hazard  analysis  was  performed  to  identify  the  estimated  frequency 
of  floods  associated  with  flood  loading  conditions  ranging  up  to  the  probable 
maximum  flood  (PVIF),  for  use  in  dam  response  and  downstream  damage  assess- 
ments. 

In  the  probabilistic  hydrologic  hazard  analysis,  flood  events  were  divided  into 
spring  and  summer  type  events  because  these  events  are  statistically  independent 
and  result  from  distinctly  different  types  of  meteorological  and  hydrological 
characteristics. 
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The  spring  floods  in  the  Tongue  River  basin  are  caused  by  general  storms  over  a 
large  portion  of  the  watershed  combined  with  snowmelt.  On  the  other  hand, 
summer  floods  are  due  to  local  thunderstorms  over  a  relatively  small  area 
immediately  upstream  from  the  Tongue  reservoir  with  no  runoff  from  snowmelt. 

Flood  frequency  curves  and  Probable  Maximum  Floods  (PMF's)  for  both  spring  and 
summer  floods  were  established.  The  empirical  flood  frequency  curves  were 
extended  to  cover  the  entire  range  of  floods  up  through  the  PVIF.  Annual 
probabilities  of  hydrologic  loading  conditions  were  also  identified.  Flood  frequency 
study,  probable  maximum  floods,  recurrence  intervals  of  hydrologic  events,  and 
hydrologic  loading  conditions  are  discussed  in  the  following  paragraphs. 


Flood  Frequency  Study 

Annual  peak  flow  values  for  the  period  of  1961-1985  at  USGS  gaging  station 
06306300,  located  at  the  Tongue  River  at  the  Montana/Wyoming  state  line  near 
Decker,  Montana,  were  adjusted  to  obtain  spring  peak  flows  at  the  Tongue  River 
Dam  as  shown  in  Table  V-1.  Summer  peak  flows  at  the  same  station  06306300  were 
obtained  by  selecting  maximum  flood  peak  values  between  July  15  and  November  1 
for  each  year  from  USGS  Water  Supply  Papers  and  tabulated  in  Table  V-2. 

The  Tongue  River,  at  the  state  line  near  the  Decker  gage,  does  not  contribute  all 
the  flow  entering  the  reservoir  during  a  storm  since  its  drainage  area  is  smaller 
than  the  drainage  area  at  the  Tongue  River  Dam,  In  order  to  account  for  the 
difference  in  drainage  areas,  the  peak  flows  at  Station  06306300  were  adjusted 
using  the  equation  given  in  Method  A  as  shown  in  Table  V-3: 

Adjustment    =    (1,760/1,^^77)°'^^    =    1.097^+ 

Where,  the  drainage  area  at  Tongue  River  Dam  =  1,760  square  miles  and  the  drain- 
age area  at  state  line  near  Decker  -  \.,k77  square  miles. 
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TABLE  V-1 

SPRING  FLOOD  PEAKS  (ft^/s) 
TONGUE  RIVER  AT  STATE  LINE  NEAR  DECKER,  MONTANA 

USGS  Gaging  Station  06306300 

Drainage  Area  =  1,1^77  mi2 
Period  of  Record  1961-1985 


1961-1,720  1966-1,920  1971-3,110  1976-    2,1^10  1981  -;+, '400 

1962-^1,560  1967-7,i*S0  1972-2,590  1977-    3,230  1982-2,570 

1963-6,080  1968-5,710  1973-3,810  1978-17,500  1983-3,880 

196^-5,990  1969-^^,500  197if-  2,900  1979-    2,050  1984-'4,'+60 

1965-3,510  1970-^^,190  1975-5,350  1980-    2,290  1985-      932 


ESTIMATED  SPRING  FLOOD  PEAKS  (ft^/s) 
TONGUE  RIVER  AT  TONGUE  RIVER  DAM 

USGS  Gaging  Station  06306300 
Drainage  Area  =  1,760  mi^ 


1961-1,888  1966-2,107  1971-3,413  1976-    2,348  1981-4,829 

1962-5,004  1967-8,206  1972-2,842  1977-    3,545  1982-2,820 

1963-6,672  1968-6,266  1973-4,181  1978-19,205  1983-4,258 

1964-6,573  1969-4,938  1974-3,182  1979-    2,250  1984-4,894 

1965-3,852  1970-4,598  1975-5,871  1980-    2,513  1985-1,023 
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TABLE  V-2 

ESTIMATED  SUMMER  FLOOD  PEAKS  (ft^/s) 
TONGUE  RIVER  AT  TONGUE  RIVER  DAM 


At  USGS  Gage  06306300 
(D.A.  =  \,kll  Sq.  Miles) 


At  Tongue  River  Dam 
(D.A.  =  1,760  Sq.  Miles) 


Calendar 
Year 

Daily  Peak* 
(cfs) 

Instant.  Peak 
(cfs) 

Date 

Calendar 
Year 

Instant.  Peak 
(cfs) 

1961 

if28 

^68 

October  1 1 

1961 

513 

1962 

550 

595 

July  15 

1962 

653 

1963 

22«f 

25^ 

October  31 

1963 

279 

196^ 

378 

ifl5 

August  30 

196it 

^^56 

1965 

/|85 

527 

September  IS 

1965 

579 

1966 

^132 

^^72 

June  2^ 

1966 

518 

1967 

600 

6k$ 

September  19 

1967 

711 

1968 

1,090 

1,161 

August  19 

1968 

1,27^ 

1969 

IkUr 

799 

July  18 

1969 

876 

1970 

550 

595 

July  2^1 

1970 

653 

1971 

^183 

525 

October  19 

1971 

576 

1972 

67if 

725 

July  i^ 

1972 

796 

1973 

580 

627 

September  3 

1973 

688 

197^^ 

810 

868 

November  1 

197^ 

952 

1975 

i^t^ti 

^gif 

August  1 

1975 

531 

1976 

530 

57^^ 

August  ^ 

1976 

630 

1977 

371 

385 

July  6 

1977 

^22 

1978 

875 

983 

July  22 

1978 

1,079 

1979 

750 

792 

July  5 

1979 

869 

1980 

215 

23^ 

September  21 

1980 

257 

1981 

621 

685 

July  27 

1981 

752 

1982 

557 

559 

September  15 

1982 

613 

1983 

28^ 

291 

October  16 

1983 

319 

198if 

^+25 

i^3i 

September  28 

198't 

*81 

1985 

157 

263 

August  15 

1985 

289 

*  1977-1985  Actual  Peak  Discharge  Data  for  USGS,  Helena  Office. 

1961-1977  Peak  Discharge  Data  Estimated  from  Correlation  of  1977-1985  Data. 
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TABLE  V-3 

TONGUE  RIVER  DAM 
COMPARISON  OF  ESTIMATED  FLOODS 

Peak  Discharge  in  Cubic  Feet  per  Second 


Annual 

Recurrence 

Exceedance 

Qw,  t 

a 
0.59 

Interval 
(Years) 

Corr 

iput 

ational  Mi 

sthods 

Probability  t 

A 

B 

C 

50% 

2 

'4,258 

^,750 

5,800 

20% 

5,510 

0.58 

5 

6,100 

5,900 

7,500 

10% 

6,670 

0.56 

10 

7,358 

7,150 

10,000 

k% 

8,270 

Q.^ii- 

25 

9,091 

9,100 

1^1,500 

2% 

9,710 

0.5^ 

50 

10,67«f 

10,700 

17,500 

1% 

11,^00 

0.53 

100 

12,510 

12,500 

20,000 

Method  A  Regional  flood-frequency  equations  given  in  USCiS  Open-File  Report  No. 

81-917. 

Qt    =    (Au/Ag)^   X   Qw,t;    Au/Ag   =    1, 760/1, «f77    =    1.1916 

where  Q^  is  the  flood  magnitude  being  estimated  with  exceedance  probability  t. 

Au  is  the  drainage  area  of  Tongue  Creek  Dam  (1,760  square  miles). 

Ag  is  the  drainage  area  of  USGS  Gaging  Station  //06306300  {\,k77  square 
miles)  and  Q^  -j-  is  the  weighted  value  of  the  flood  magnitude  with 
exceedance  probability  t  at  Gage  //06306300. 

a  is  coefficient  which  is  given  in  USGS  Open-File  Report  No.  81-917. 

Method  B  Theoretical    values    computed    from    Log    Pearson    Type    III    distribution 

according  to  WRC  Bulletin  //17B. 

Method  C  Same  as  Method  B  above  except  that  values  were  read  off  from  the  upper 

95%  confidence  limit. 
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Flood  frequency  analyses  were  perfonned  for  both  spring  and  sunmer  floods  for 
the  Tongue  River  Dam  watershed  using  criteria  and  methodology  defined  in  Water 
Resource  Council  (WRC)  Bulletin  No.  17B,  "Guideline  for  Determining  Flood 
Frequency."  Flood  frequency  curves  for  spring  and  summer  floods  are  shown  in 
Figures  V-1  and  V-2. 
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FIGURE  V-1    SPRING  FLOOD  FREQUENCY  OF  TONGUE  RIVER  AT  TONGUE  RIVER  DAM 
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FIGURE  V-2  SUMMER  FLOOD  FREQUENCY  OF  TONGUE  RIVER  AT  TONGUE  RIVER  DAM 


For  the  purpose  of  comparison,  another  flood  frequency  estimate  was  made  using 
regional  equations  developed  by  USGS  from  the  southeast  plains  region  of  Montana. 
The  regional  equations  are  published  in  USGS  Open  File  Report  //81-917  dated 
September  198^*.  Table  V-3  shows  comparison  of  flood  frequency  results 
computed  by  methods  defined  in  Bulletin  No.  17B  and  USGS  regional  equations. 
Results  shown  indicate  that  flood  frequencies  computed  by  Methods  A  and  B  are 
very  similar.  Results  from  Method  C  were  higher  than  those  obtained  from 
Methods  A  or  B  because  Method  C  is  a  more  conservative  approach. 
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Probable  Maximum  Floods 

The  Probable  Maximum  Floods  (PMF's)  were  determined  for  the  Tongue  River  Basin 
using  the  concept  of  regionalized  PMP  (Probable  Maximum  Precipitation)  esti- 
mates. The  PMP  is  defined  by  the  National  Weather  Service  as,  "Theoretically  the 
greatest  depth  of  precipitation  for  a  given  duration  that  is  physically  possible  over 
a  given  size  storm  area  at  a  particular  geographic  location  at  a  certain  time  of  the 
year," 

Basically,  the  estimation  of  the  PMF's  involved  the  following  steps: 

1.  Estimation  of  PMP's  for  the  drainage  basin  upstream  of  the  Tongue  River 
Dam  in  accordance  with  procedures  given  in  the  National  Weather  Service, 
Hydrometeorologic  Report  No.  55  (HMR  55),  March  198'*.  General  Storm 
PMP  was  used  in  developing  spring  PMP  and  Local  Storm  PMP  for  summer 
PMP. 

2.  Estimation  of  retention  losses  for  the  basin. 

3.  Derivation  of  Unit  Hydrographs.  Unit  hydrographs  for  seven  sub-basins  were 
used  in  the  development  of  spring  PMF.  Only  the  sub-basin  immediately 
upstream  from  the  dam  was  considered  in  the  derivation  summer  PMF  due  to 
the  nature  of  local  storm  PMP. 

if.  Derivation  of  the  PMF.  Unit  hydrographs  for  each  sub-basin  were  used  with 
rainfall  excess  increments  to  compute  sub-basin  hydrographs.  These  sub- 
basin  hydrographs  were  routed  through  the  channel  system  to  obtain  the  PMF 
hydrograph  at  the  damsite  due  to  PMP.  Snowmelt  and  baseflow  during  the 
PMF  were  estimated  and  combined  with  the  runoff  due  to  PMP  to  obtain 
spring  PMF  hydrograph  at  the  dam.  Snowmelt  was  not  included  in  the 
summer  PMF. 

In  1983  before  the  publication  of  HMR  55,  a  PMF  study  for  the  Tongue  River  Dam 
was  performed  by  Harza  Engineering  Company.     This  study  was  approved  by  the 
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USBR  on  August  1 1,  1983  for  use  in  the  design  of  the  new  spillway  and  structure  of 
the  Tongue  River  Dam.  The  PMF  hydrograph  developed  in  the  Harza  study  is 
shown  in  Figure  V-3.  After  review  and  comparison  with  PMP  values  used  in  the 
Harza  study  and  the  PMP  values  derived  using  HMR  55,  the  PMF  developed  by 
Harza  was  considered  acceptable  for  use  in  this  study.  This  judgement  was  based 
on  the  PMP  values  in  the  Harza  study  falling  within  the  95-percent  confidence 
bands  of  the  estimate  of  PMP  based  on  the  more  recent  HMR  55  procedures. 

The  Spring  PMF  hydrograph  used  in  this  study  has  a  peak  discharge  of  382,000  ft  /s 
and  a  15-day  volume  of  1,360,000  acre-feet. 

The  summer  PMF  hydrograph  for  this  study  has  a  peak  discharge  of  108,600  ft  /s 
and  a  i^O-hour  flood  volume  of  91,000  acre-feet. 

Hydrographs  for  spring  PMF  and  summer  PMF  are  shown  in  Figures  V-3  and  V-'i. 
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FIGURE   V-4  SUMMER  PMF  INFLOW  HYDROGRAPH   -  TONGUE  RIVER  DAM 

Recurrence  Intervals  of  Hydrologic  Events 

Flood  frequency  relations,  in  accordance  with  WRC  Bulletin  No.  17B,  were  derived 
using  historical  flood  peak  data  up  to  the  200-year  return  period.  The  development 
of  spring  and  summer  PMF's  was  discussed  in  preceding  sections. 

Risk-based  analyses  conducted  in  this  study  require  the  establishment  of  discharge- 
probability  relationships  for  the  entire  range  of  flood  events,  from  10,000  ft  /s  up 
through  PMF.  Due  to  the  lack  of  definite  knowledge  of  the  probability  of 
occurrence  of  the  PMF,  the  methodology  suggested  in  USSR  ACER  Technical 
Memo  No.  7  (1986)  was  followed  to  assign  a  probability  of  occurrence  for  flood 
events  with  return  period  beyond  one  in  two  hundred  years.  The  USSR  method 
requires  the  construction  of  frequency  curves  in  two  phases.  The  first  portion  of 
the  curve  up  to  a  200-year  flood  event  (including  the  95-percent  confidence  limit 
curves),  using  procedures  outlined  in  Bulletin  No.  17B.  The  portion  of  curve  beyond 
the  200-year  flood  event  was  extended  as  straight-line  extensions  of  the  confidence 
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limit  curves  on  lognormal  probability  paper.  The  straight-line  extensions  were 
from  the  95-percent  confidence  limit  curves  at  the  200-year  event  to  the  PMF 
level  at  assigned  exceedance  probabilities  of  10"^  and  lO"'*  per  year.  The 
theoretical  (median)  frequency  curve  lies  between  the  95-percent  confidence  limit 
curves  and  is  assigned  an  exceedance  probability  of  10"5  per  year  for  the  PMF. 
The  complete  frequency  curves,  covering  the  entire  range  of  flood  events  for 
spring  floods  and  summer  floods  are  shown  in  Figures  V-1  and  V-2. 


Hydrologic  Loading  Conditions 

Selected  Flood  Events 

Hydrologic  events  were  divided  into  spring  flood  events  and  summer  flood  events  as 
discussed  earlier.  The  hydrologic  events  and  the  range  of  loading  conditions  were 
determined  after  several  meetings  between  the  consultant,  Richard  Harlan, 
(special  consultant  to  DNRC)  and  DNRC  staff  members,  including  a  field  visit  to 
the  Tongue  River  Dam,  Tongue  River  watershed,  and  Tongue  River  reaches 
downstream  from  the  dam  to  Miles  City.  The  hydrologic  loading  conditions  were 
determined  to  cover  a  range  of  flood  peaks  from  no  flow  over  the  spillway  up 
through  PMF.  A  total  of  eleven  (11)  levels  of  hydrologic  loading  conditions  were 
selected  in  this  study  for  the  spring  flood  event  and  the  summer  flood  event.  The 
following  are  the  selected  11  hydrologic  loading  conditions: 
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The  above  hydrologic  loading  conditions  were  assigned  to  both  the  spring  flood 
event  and  the  summer  flood  event  for  each  of  the  rehabilitation  alternatives. 

Inflow  Hydrographs  and  Annual  Probability  of  Flood  Events 

The  results  of  the  flood  frequency  analyses,  Figures  V-1  and  V-2,  were  used  to 
determine  the  event  probability  for  each  flood  loading  condition.  The  theoretical 
frequency  curves  for  spring  floods  and  summer  floods  between  the  upper  and  lower 
hmits  are  shown  in  Figures  V-1  and  V-2,  respectively.  Annual  probability  of 
occurrence  of  each  flood  event  is  presented  in  Table  V-^. 
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It  was  necessary  to  develop  an  inflow  hydrograph  associated  with  each  flood  event 
for  breach  analysis  and  flood  routing  computation.  The  inflow  hydrographs  were 
calculated  by  computing  a  ratio  of  the  1978  peak  for  spring  floods  with  inflow 
peaks  less  than  110,000  cfs.  The  hydrograph  pattern  was  then  developed  using  this 
value  and  the  1978  flood  hydrograph  as  a  basis.  For  a  spring  flood  event  larger 
than  or  equal  to  110,000  cfs,  the  spring  PMF  hydrograph  was  used  as  a  basis  for 
computing  the  ratio  and  patterning  of  the  hydrograph.  The  summer  inflow 
hydrographs  were  calculated  by  prorating  with  the  summer  PMF  in  a  manner 
similar  to  the  construction  of  spring  inflow  hydrographs.  For  each  of  the 
rehabilitation  alternatives  considered,  11  inflow  flood  hydrographs  were  developed 
corresponding  to  22  hydrologic  loadings  for  spring  and  summmer  floods. 

B.        Seismic 

Seismic  loadings  on  the  dam  and  its  appurtenances  result  from  ground  accelerations 
in  the  foundation  materials  at  the  site  due  to  earthquakes  which  occur  in  the 
vicinity.  The  magnitude  of  the  load  varies  with  ground  acceleration  which  is  a 
function  of  the  earthquake  magnitude  and  epicentral  distance  from  the  site.  Both 
the  Modified  Mercalli  Intensity  Scale  and  the  Richter  magnitude  scale  are  used  to 
describe  earthquakes. 

The  Modified  Vlercalli  Scale  is  based  on  observed  damage  and  human  perception.  It 
is  generally  based  on  newspaper  accounts  and  other  documented  records  written 
following  an  earthquake  event.  The  Richter  scale  describes  the  seismic  energy 
released  by  a  fault  rupture  and  is  recorded  instrumentally  by  strong  motion 
accelerographs.    The  relationship  between  the  two  scales  is  shown  on  Figure  V-3. 

Because  dams  have  been  known  to  fail  under  seismic  loads,  it  is  important  to 
evaluate  the  hazard  posed  by  earthquakes  on  the  dam.  Examples  of  the  types  of 
failure  modes  that  can  occur  in  embankment  dams  include  liquefaction  of  the  dam 
and  foundation;  embankment  deformation  at  the  crest  and  cracking  with  subse- 
quent piping  of  the  core.  The  Tongue  River  Dam  is  located  in  a  relatively  quiet 
seismic  area  as  evidenced  by  the  scarcity  of  recorded  events  shown  on  Figure  V-6. 


V-13 


t  l.'i.    1  Ite    p^-tslr, 


Felt    o^tj 
clocks    =1 


B.1   hv  drivers  nf  n„.tnr 


tll'll».        ^.Tli' 
hent    sllfihtU 


Source         U   5       PurfOU    of 


FIGURE  V-5  APPROXIMATE  RELATIONSHIPS:  EARTHQUAKE  INTENSITY. 
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FIGURE   V-6    EARTHQUAKES   WITH   MAXIMUM   MODIFIED  MERCALLI   INTENSITIES 
OF   V    OR    ABOVE   IN  THE   UNITED   STATES  THROUGH    1976 


The  risk  to  the  dam  of  being  exposed  to  large  intensity  ground  shaking  is  also  very 
low  as  shown  in  Figure  V-7.  The  likelihood  of  seismic  failure  of  the  Tongue  River 
Dam  is  very  small  and  contributes  a  trivial  amount  to  the  overall  risk  cost.  For  the 
sake  of  thoroughness,  however,  the  effect  of  seismic  events  was  included  in  the 
risk  assessment. 
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FIGURE  V-7   SEISMIC  RISK  MAP  OF  THE  UNITED  STATES 


In  addition  to  the  three  failure  modes  identified  for  the  dann  and  its  foundation, 
two  other  response  mechanisms  were  also  included:  reservoir  landslide  and  outlet 
rupture.    The  reservoir  rim  contains  landslide  remnants  and  evidence  for  potential 
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additional  landslide  activity.  Because  the  outlet  works  passes  through  the  dam, 
there  is  also  the  potential  for  differential  movements  to  cause  outlet  pipe  rupture, 
although  the  likelihood  is  very  small. 

The  seismic  events  were  broken  down  into  three  ranges,  MO-'f.O,  M'f.0-5.5,  and 
greater  than  M5.5.  Corresponding  ranges  of  peak  ground  acceleration  values  were 
also  determined  as  0-0.0  Ig,  0.01-0.08g,  and  greater  than  0.08g.  Because  there  was 
no  difference  in  the  system  response  for  the  first  two  ranges,  they  were  combined 
into  one  for  MO-5.5  with  acceleration  ranging  from  0-0. 08g.  The  magnitudes  of  the 
seismic  loading  events  were  determined  by  examining  the  historical  seismicity  in 
the  near  and  distant  region  that  may  affect  the  site. 

The  largest  historical  event  to  occur  close  to  the  Tongue  River  Dam  site  has  been 
an  Wk.Q  as  shown  in  Figure  V-8. 


FIGURE  V-e      EARTHQUAKES  WITH  MAXIMUM  RICHTER  MAGNITUDES  OF  4.0  ANO  ABOVE 
WITHIN  A  200  KILOMETER  RADIUS  OF  TONGUE  RIVER  DAM 
1900  -    1986 
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The  other  major  source  of  any  potential  earthquake  activity  is  located  around  the 
Jackson  Lake,  Wyoming  area.  The  map  of  historic  seismicity  and  Cenozoic  faults 
in  the  Jackson  Lake  area,  Figure  V-9,  was  taken  from  a  USBR  report  titled, 
"Seismotectonic  Study  -  Jackson  Lake  Dam."  The  greater  than  M5.5  range  was 
included  in  the  list  of  events  to  account  for  a  large  magnitude  event  ocurring  in  or 
around  the  Jackson  Hole  area. 

The  acceleration  range  for  MO-5.5  was  taken  from  Figure  V-5  and  acceleration  of 
greater  than  0.08g  is  based  on  attenuating  earthquakes  greater  than  M5.5  a 
distance  of  105  miles  or  greater. 

The  system  response  probabilities  were  rated  using  engineering  judgement  by  the 
following  groups: 

1.  Consultant  team. 

2.  Richard  Harlan,  Consulting  Engineer  to  DNRC  for  Tongue  River  Dam. 

3.  DNRC. 

The  final  probabilities,  as  listed  in  the  spreadsheets  included  in  Section  IX  -  Risk 
Analysis  Computations,  were  reached  through  an  iterative  process  of  consultation 
based  on  the  judgeinent  of  the  members  of  each  group. 

C.       Static 

Static  loadings  on  the  dam,  foundation,  and  appurtenances  considered  in  the  study 
were  those  due  to  normal  fluctuations  of  the  reservoir  and  the  dead  weight  of  the 
structures. 
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VI.     EXISTING  DAM  STRUCTURE 


It  is  useful  to  identify  one  of  the  alternatives  in  a  risk  assessment  as  the  "reference 
alternative."  The  reference  alternative  is  used  as  a  basis  for  comparing  the  effect 
of  no  changes,  a  specific  change,  or  a  range  of  changes.  For  this  study,  Alternative 
A  -  Existing  Dam  Structure,  was  selected  as  the  reference  alternative.  The 
following  reports  were  carefully  reviewed  to  determine  the  existing  condition  of 
the  structure:  Basic  Design  Report  Supporting  Data,  State  of  -Montana  Water 
Resource  Board,  Tongue  River  Project,  Bechtel  Corporation,  San  Francisco  1969; 
Geologic  and  Materials  Report,  Tongue  River  Dam  and  Alternate  Damsites,  Big 
Horn  and  Rosebud  Counties,  Montana  (JSBR  Upper  Missouri  Regional  Office,  May 
1982;  and  Planning  Report  and  Preliminary  Environmental  Review  Appendix  3  - 
Engineering,  Montana  Department  of  Natural  Resources  and  Conservation,  Tongue 
River  Dam  Study,  March  1985. 

The  existing  Tongue  River  Dam  is  located  on  the  Tongue  River  about  nine  and  one- 
half  miles  northeast  of  Decker,  Montana.  The  dam  is  approximately  91  feet  high 
with  crest  at  El.  "ii^klA,  a  crest  width  of  5^.5  feet  and  a  crest  length  of  1,82^*  feet. 
The  dam  is  owned  by  the  State  of  Montana  and  operated  by  Tongue  River  Water 
Users'  Association  (TRWUA).  It  was  constructed  in  1937-1938  and  was  first 
operated  in  1939.  The  reservoir  has  a  total  capacity  at  the  spillway  crest 
(elevation  3t*2kA)  of  69,^00  acre-feet  and  a  surface  area  of  3,500  acres.  The 
estimated  capacity  at  the  crest  of  the  dam  (elevation  'ik'^lM  is  150,000  acre-feet. 

The  embankment  section  has  a  wide  compacted  impervious  clay  core  flanked  by  a 
15-foot-thick  (normal  to  the  slope)  zone  of  dumped  clinker  (scoria)  on  the  upstream 
3:1  slope.  The  upstreain  toe  has  a  berm  at  elevation  338*^.  Downstream  from  the 
impervious  core  is  a  zone  of  mostly  sand  and  gravel  which  was  spread  and 
compacted  with  water  in  six-inch  layers,  then  a  pervious  zone  of  alternate  layers 
of  sand  and  gravel,  scoria  and  sandstone  to  the  downstream  slope  of  2^2:1.  The  toe 
of  the  downstream  slope  also  has  berms  of  waste  material  from  spillway  and  outlet 
works  excavation  at  elevations  3392  and  338^^. 
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VI.     EXISTING  DAM  STRUCTURE 


It  is  useful  to  identify  one  of  the  alternatives  in  a  risk  assessment  as  the  "reference 
alternative."  The  reference  alternative  is  used  as  a  basis  for  comparing  the  effect 
of  no  changes,  a  specific  change,  or  a  range  of  changes.  For  this  study,  Alternative 
A  -  Existing  Dam  Structure,  was  selected  as  the  reference  alternative.  The 
following  reports  were  carefully  reviewed  to  determine  the  existing  condition  of 
the  structure:  Basic  Design  Report  Supporting  Data,  State  of  Montana  Water 
Resource  Board,  Tongue  River  Project,  Bechtel  Corporation,  San  Francisco  1969; 
Geologic  and  Materials  Report,  Tongue  River  Dam  and  Alternate  Damsites,  Big 
Horn  and  Rosebud  Counties,  Montana  USBR  Upper  Missouri  Regional  Office,  May 
1982;  and  Planning  Report  and  Preliminary  Environmental  Review  Appendix  3  - 
Engineering,  Montana  Department  of  Natural  Resources  and  Conservation,  Tongue 
River  Dam  Study,  March  1985. 

The  existing  Tongue  River  Dam  is  located  on  the  Tongue  River  about  nine  and  one- 
half  miles  northeast  of  Decker,  Montana.  The  dam  is  approximately  91  feet  high 
with  crest  at  El.  'i'^klA,  a  crest  width  of  51^.5  feet  and  a  crest  length  of  1,82^1  feet. 
The  dam  is  owned  by  the  State  of  Montana  and  operated  by  Tongue  River  Water 
Users'  Association  (TRWUA).  It  was  constructed  in  1937-1938  and  was  first 
operated  in  1939.  The  reservoir  has  a  total  capacity  at  the  spillway  crest 
(elevation  3^2i^A)  of  69,^^00  acre-feet  and  a  surface  area  of  3,500  acres.  The 
estimated  capacity  at  the  crest  of  the  dam  (elevation  31^1^2. t^)  is  150,000  acre-feet. 

The  embankment  section  has  a  wide  compacted  impervious  clay  core  flanked  by  a 
15-foot-thick  (normal  to  the  slope)  zone  of  dumped  clinker  (scoria)  on  the  upstream 
3:1  slope.  The  upstream  toe  has  a  berm  at  elevation  3384.  Downstream  from  the 
impervious  core  is  a  zone  of  mostly  sand  and  gravel  which  was  spread  and 
compacted  with  water  in  six-inch  layers,  then  a  pervious  zone  of  alternate  layers 
of  sand  and  gravel,  scoria  and  sandstone  to  the  downstream  slope  of  I'/z'A.  The  toe 
of  the  downstream  slope  also  has  berms  of  waste  material  from  spillway  and  outlet 
works  excavation  at  elevations  3392  and  3384. 
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A  foundation  cutoff  trench  was  constructed  beneath  the  impervious  fill.  The 
cutoff  depth  varies  to  approximately  60  feet  deep.  Across  the  main  channel,  it  was 
constructed  down  to  a  gray  sandstone  and  has  apparently  been  fairly  effective,  but 
on  both  abutments  and  under  the  spillway,  it  was  terminated  in  the  higher  shales 
and  seamy  sandstones  and  it  has  been  less  effective.  Beneath  the  downstream 
pervious  section,  a  drain  trench  was  constructed. 

The  existing  outlet  works  consists  of  a  box  intake  structure  with  trashracks  and  a 
16-foot-diameter  horseshoe-shaped,  concrete-lined  tunnel  that  discharges  into  the 
spillway  chute  at  the  upstream  end  of  the  energy  dissipator.  Discharge  is  con- 
trolled by  two  6-foot  by  12-foot  tractor-type  slide  gates,  one  serving  as  the 
regulating  gate  and  the  other  as  an  emergency  gate.  The  gates  are  attached  to 
cables  and  operated  by  motor-driven  hoists  in  the  control  house  on  the  dam  crest. 
In  the  event  of  power  failure,  the  gates  may  be  operated  by  a  hand  crank.  The 
maximum  design  discharge  of  the  outlet  works  is  rated  at  ^,300  cfs. 

Repairs  to  the  outlet  works  completed  in  1975  included  patching  the  floor  and 
replacing  severely  pitted  steel  liners  on  the  walls  at  the  upstream  end  of  the 
transition.  Cavitation  damage  reportedly  occurs  when  the  outlet  works  operate 
around  800  ft  /s  and  results  from  a  poorly  designed  gate-to-tunnel  transition  and 
inadequate  aeration.    An  8-inch-diameter  air  vent  is  currently  provided. 

The  existing  spillway  structure  and  its  foundation  have  been  a  major  concern 
throughout  the  life  of  the  dam.  The  reinforced  concrete  spillway  is  located  in  the 
left  abutment  and  consists  of  a  free  overflow  crest  (crest  elevation  'i'^lk.k),  an 
open  chute,  and  a  solid-type  roller  bucket  energy  dissipator.  The  spillway  width 
varies  from  350  feet  at  the  crest  to  100  feet  at  the  upstream  end  of  the  energy 
dissipator. 

Because  the  spillway  chute  width  decreases  so  sharply,  coupled  with  insufficient 
slope,  it  has  poor  hydraulic  characteristics.  During  operation,  large  waves  may  be 
generated  which  could  overtop  the  side  walls.  The  spillway  design  capacity  is 
reported  to  be  about  69,000  ft  /s  at  reservoir  water  surface  elevation  3't39  which 
is  the  top  of  the  existing  spillway  walls. 
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The  spillway  is  underlain  by  coal  and  clinker  beds  which  have  caused  seepage 
problems  in  the  past.  Since  original  construction,  a  grout  curtain,  sheet  piles,  drain 
holes,  and  an  impervious  blanket  have  been  provided  to  mitigate  the  seepage 
problem.  Major  structural  repairs  to  the  spillway  were  required  after  the  V\ay  197S 
flood,  when  the  spillway  passed  about  6,800  ft  /s.  The  repairs  included  backfilling 
large  voids  behind  the  wing  walls  at  the  downstream  end  of  the  chute  and 
constructing  an  anchored  concrete  overlay.  Riprap  was  placed  in  the  stilling  basin 
and  the  area  was  regraded. 

At  the  present  time,  the  spillway  floor  shows  evidence  of  differential  settlements 
and  cracking.  Spalling  of  concrete  has  taken  place  at  the  tops  of  walls  at 
expansion  joints,  exposing  reinforcement  steel  in  a  few  areas;  however,  these  areas 
have  been  repaired  and  a  maintenance  program  has  been  instituted.  The  placement 
of  earthfill  in  the  approach  channel  near  the  spillway  crest  has  reduced  the  crest 
height  from  seven  feet  to  less  than  three  feet.  The  reservoir  is  operated  at  a  low 
level  to  reduce  the  chance  of  spillway  operation  due  to  structural  and  hydraulic 
deficiencies. 

Seepage  has  also  been  of  concern  in  other  areas  besides  the  spillway.  These  include 
the  right  abutment  downstream  from  the  dam,  the  old  river  channel  at  the 
downstream  toe  of  the  dam,  and  a  boggy  area  near  the  right  side  of  the  valley 
behind  the  damtender's  house.  Despite  attempts  to  reduce  seepage,  it  has  not  been 
totally  controlled.  High  reservoir  heads  aggravate  these  areas  of  seepage. 
Although  these  areas  are  known  to  exist,  they  were  not  considered  serious  enough 
or  a  significant  threat  to  dam  safety.  Therefore,  they  were  not  included  in  the  risk 
assessment  model. 
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VII.     ALTERNATIVES  CONSIDERED 


The  alternatives  studied  in  this  report  were  identified  from  previously  prepared 
alternatives  contained  in  information  supplied  by  and  with  the  approval  of  DNRC. 
The  Tongue  River  Dam  has  previously  been  studied  and  a  great  deal  of  information 
has  been  compiled.  The  alternatives  presented  in  this  report  and  their  construction 
costs  were  defined  and  prepared  by  Harlan  Miller  Tait  Associates,  the  Bureau  of 
Reclamation,  and  DNRC,  The  alternatives  were  approved  for  this  study  by  DNRC 
and  studied  to  define  their  relative  advantages  and  disadvantages  within  the 
framework  of  the  risk  assessment.  The  choice  of  alternatives  was  selected  to 
reflect  the  widest  range  of  alternatives  available  at  the  Tongue  River  Dam,  from 
removal  of  the  dam  to  rehabilitating  the  dam  to  safely  pass  the  full  PMF. 

The  alternatives  investigated  in  this  assessment  include: 

A.  Existing  dam  structure  with  no  structural  modifications  and  present  reservoir 
operating  restrictions  removed  -  "Existing  Dam," 

B.  Modify  the  dam  and  spillway  to  safely  pass  the  PMF  and  increase  reservoir 
storage  -  "Spillway  Capacity  -  382,000  cfs  (100%  PMF)." 

C.  Modify  the  dam  and  spillway  to  pass  a  103,^00  cfs  flood  -  "Spillway  Capacity 
-  103,^^00  cfs  (27%  PMF)." 

D.  Modify  the  spillway  and  energy  dissipator  to  pass  a  design  capacity  of 
60,000  cfs  (the  original  intended  design  capacity  at  a  water  surface  of  El, 
3ii37A  based  on  original  construction  drawing  No.  9  -  GR  dated  March  l^f, 
1938)  -  "Spillway  Capacity  -  60,000  cfs  (16%  PMF)." 

E.  Breaching  the  dam  and  restoration  of  the  reservoir  area  -  "Breach." 

Evaluating  the  relative  advantages  and  disadvantages  of  each  alternative  requires 
an  understanding  of  how  each  alternative  would  be  expected  to  respond  to  a  given 
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loading  event.  The  reaction  of  the  structure  is  defined  as  the  systein  response  and 
it  is  conditional  upon  the  particular  loading  event  applied.  The  risk  model  as  shown 
in  the  event  tree  (Figure  VII- 1)  shows  the  system  responses.  The  probability  of  a 
particular  system  response  was  determined  through  an  iterative  process  of  consul- 
tation using  the  engineering  experience  and  judgeinent  of  the  DNRC  staff  and  its 
consultant,  and  PRC  and  its  consultants. 

The  system  responses  and  associated  probabilities  of  each  alternative  are  discussed 
below.  It  was  determined  that  the  system  responses  and  the  probabilities  of  all 
alternatives,  due  to  static  and  seismic  loading,  were  the  same  except  Alternative 
E  -  Breach.  The  system  responses  of  each  alternative  do  vary,  however,  with  the 
hydrologic  loading.  For  simplicity,  the  system  responses  of  the  alternatives  due  to 
seismic  and  static  loadings  are  discussed  first,  followed  by  the  system  responses 
due  to  the  hydrologic  loading  for  each  alternative. 

A.       System  Response  and  Associated  Probabilities  Due  to  Seismic  Loadings 

The  following  categories  of  dam  failure  modes  due  to  seismic  loadings  were 
evaluated: 

1.  Landslide  into  the  Reservoir  (Reservoir  Landslide). 

2.  Foundation  Liquefaction. 

3.  Embankment  Deformation. 

'f.        Core  Cracking  and  Piping  through  Core. 
5.        Rupture  of  the  Outlet  Works. 

The  system  response  and  the  associated  probabilities  for  all  alternatives  due  to 
seismic  loadings  are  presented  in  Table  VII- 1. 
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INITIATING 
EVENT 


0   TO   10,000    cfB 


NO   FAIL    fi   PF    

SPILLWAY    CREST    FAILURE 

TAILRACE    EROSION   

PIPING    THROIGH    CLINKER 
OVERTOPPING   


NO   DAM   FAILURE 
DAM   FAILURE 
DAM   FAILURE 
DAM    FAILURE 
DAM   FAILURE 


SPRING   FLOOD 


10  TO  15,000  cfs 


HYDROLOGIC 
EVENTS 


>     382,000   cfs 


0   TO   10,000    cfs 


NO    FAIL   &   PF   NO   DAM   FAILURE 

SPILLWAY   CREST    FAILURE    -   DAM   FAILURE 

TAILRACE    EROSION   0AM   FAILURE 

PIPING   THROUGH   CLINKER   -   DAM   FAILURE 
OVERTOPPING   DAM    FAILURE 


FOREWARNING 
y   OF    FAILURE 
ASSUMED 


SUMMER  FLOOD 


10  TO  15,000   cfs 


>     382,000   CfB 


SEISMIC       - 
EVENT 


H     0.0  TO   5.5 


NO   FAIL    i   PF    

RESERVOIR  LANDSLIDE 
FOUMDATION  LIQUEFACTION-  DAM  FAILURE 
EMBANKMENT  DEFORMATION  -  DAM  FAILURE 
CORE  CRACKING  S  PIPING  -  DAM  FAILURE 
OUTLET   WORKS    RUPTURE   0AM   FAILURE 


STATIC 
EVENTS 


FOUNDATION   FAILURE 


PIPING   EMBANKMENT 


SLOPE    INSTABILITY 


PIPING    OUTLET   WORKS 


<: 


NO   FAIL    &   PF 


NO   DAM   FAILURE 


EMBANKMENT   DEFORMATION   -  DAM   FAILURE 

NO   FAIL    S  PF   NO   DAM   FAILURE 

PIPING   DAM   FAILURE 

NO   FAIL   &   PF    NO   DAM   FAILURE 

EMBANKMENT   DEFORMATION   -  DAM   FAILURE 

NO   FAIL   &  PF   NO   DAM   FAILURE 

PIPING   DAM   FAILURE 


FOREWARNING 
■-    OF    FAILURE 
ASSUMED 


LAfOSLIDE    INTO   RESERVOIR 
PF   =  PARTIAL   FAILURE 


NO   FAIL    i   PF 


NO   0AM   FAILURE 


FIGURE  VII-1        EVENT   TREE 
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TABLE  VII-1 

System  Response  Probabilities  Due  to  Seismic  Events 

Loading 
Event  Type  System  Response  Type  System  Response  Probability 

MO-  5.5  No  Failure  and  Partial  Failure  1.0 

Reservoir  Landslide  0 

Embankment  Deformation  0 

Core  Cracking  and  Piping  0 

Outlet  Rupture  0 

>M    5.5  No  Failure  and  Partial  Failure  0.998 

Reservoir  Landslide  .001 

Embankment  Deformation  .001 

Core  Cracking  and  Piping  0 

Outlet  Rupture  0 


B.        System  Response  and  Associated  Probabilities  Due  to  Static  Loading 

The  conditional  system  response,  due  to  static  loadings,  can  be  estimated  in  the 
following  manner.  Static  loading  on  a  dam  is  due  to  the  hydrostatic  pressure  of  the 
reservoir.  The  magnitude  of  this  load  varies  with  reservoir  stage  which  is 
determined  by  the  relationship  between  reservoir  inflow  and  outflow.  The  Tongue 
River  reservoir  follows  an  annual  cycle  of  high  stages  in  the  spring  and  lower 
stages  in  the  fall  and  winter.  Dams  have  been  known  to  fail  under  static  loading 
conditions  independently  of  the  occurrence  of  floods  or  earthquakes.  Such  failures 
can  typically  be  attributed  to  either  a  design  or  latent  construction  defect  or  to  a 
deterioration  in  the  properties  of  materials  in  the  structure.  Examples  of  static 
failure  modes  include  piping  through  the  embankment  and  slope  failure.  Where 
evidence  exists  which  indicates  that  a  particular  dam  may  be  endangered  by  a 
static  failure  mode  then  this  failure  mode  should  be  explicitly  included  in  the  risk 
model.  Also,  its  system  response  and  outcome  probabilities  should  be  assessed  by 
experienced  dam  engineers  using  the  results  of  investigations  at  the  dam  and  subse- 
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quent  analyses.  Finally,  appropriate  remedial  action  should  be  taken.  However,  at 
the  Tongue  River  Dam,  no  evidence  of  potential  static  failure  modes  is  known  to 
exist.  In  this  situation,  the  likelihood  of  static  failure  of  the  Tongue  River  Dam  is 
probably  very  small  and  can  be  estimated  using  the  historical  frequencies  of  static 
failures  of  similar  dams. 

The  historical  frequency  method  of  dealing  with  static  failure  modes  was  proposed 
by  Bowles  et  al.  (1978)  and  subsequently  pursued  by  the  Bureau  of  Reclamation 
(Application  of  Statistical  Data  from  Dam  Failures  and  Accidents  to  Risk  Based 
Decision  Analysis  on  Existing  Dams,  USBR  Internal  Report,  in  press).  The  Bureau 
assembled  an  extensive  data  base  of  U.S.  dams  and  their  failures.  This  data  base 
was  added  to  by  Stanford  University  (1985)  under  funding  from  the  Federal 
Emergency  Management  Agency  (FEMA),  and  has  been  mos1*recently  expanded  by 
Hatem  (1985)  in  a  thesis  written  at  Stanford  University.  All  three  studies  have 
used  the  following  categories  for  static  failure  modes  of  embankment  dams: 

1.  Foundation  failure. 

2.  Failure   due    to   piping   of    the   embankment   not   associated   with   the   outlet 
works. 

3.  Embankment  deformation  failure. 

14;        Failure  due  to  piping  associated  with  the  outlet  works. 

For  this  study,  the  historical  frequencies  of  these  four  static  failure  modes  were 
assessed  using  the  three  data  bases  referred  to  above.  The  procedures  followed, 
using  the  three  data  bases  and  the  estimates  obtained  for  the  Tongue  River  Dam, 
are  summarized  and  compared  in  the  following  paragraphs. 

The  FEMA  data  base  was  assembled  by  Stanford  University  (1985).  By  sorting  the 
data  on  dam  failures  by  type  of  dam  and  type  of  failure  mode  and  by  considering 
the  age  of   the   dams,   a  historical   frequency   of   failure   for    each   failure    mode, 
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expressed  on  a  per  year  basis,  was  obtained.  These  frequencies  can  be  interpreted 
as  an  estiinate  of  the  probability  of  failure  due  to  a  particular  failure  node  of  a 
dam  which  appears  to  be  in  "average"  condition  with  respect  to  observable  factors 
that  would  be  associated  with  that  failure  mode.  In  an  attempt  to  adjust  these 
probability  estimates  to  be  representative  of  dams  which  appear  to  be  better  or 
worse  than  "average,"  the  Stanford  researchers  developed  a  subjective  10-point 
evaluation  scale.  The  scale  is  based  on  information  that  typically  would  be 
available  in  a  Corps  of  Engineers  Phase  I  Inspection  Report.  If  a  particular  dam  is 
rated  "poorer  than  average"  on  the  evaluation  scale,  then  a  higher  probability  of 
failure  is  assigned  and,  conversely,  if  the  dam  is  rated  "better  than  average,"  then 
a  lower  probability  of  failure  is  assigned.  Using  the  evaluation  scales  in  the 
Stanford  (1985)  report  for  the  four  static  failure  modes,  the  Tongue  River  Dam  was 
rated  by  the  following: 

1.  PRC  staff  and  consultants. 

2.  DNRC  project  staff. 

3.  Richard  Harlan,  Consulting  Engineer  to  DNRC  for  Tongue  River  Darn. 

The  PRC  team  was  comprised  of  four  engineers  with  a  variety  of  engineering 
backgrounds.  Each  team  member  independently  evaluated  the  Tongue  River  Dam 
and  the  basis  for  their  evaluations  was  discussed  until  a  consensus  was  reached  on 
the  rating  to  be  given  by  the  group.  Next,  the  DNRC  project  staff,  comprised  of 
three  engineers  with  between  three  (3)  and  sixteen  (16)  years  experience  with  the 
Tongue  River  Dam  independently  evaluated  the  dam.  These  evaluations  were 
discussed  with  the  DNRC  project  staff  until  a  consensus  of  the  combined  group  was 
reached.  Finally,  Mr.  Harlan,  who  has  served  as  a  consulting  engineer  to  DNRC  for 
the  Tongue  River  Dam  for  approximately  20  years,  independently  evaluated  the 
dam.  His  evaluation  was  then  discussed  by  the  combination  of  all  three  groups 
until  an  overall  consensus  was  reached  on  the  rating  for  the  four  static  failure 
modes.  Using  these  ratings,  the  estimates  of  the  probability  of  failure  for  each 
static  failure  mode  were  obtained  from  the  FEMA  report  (Stanford  1985). 
Throughout  the  iterative  process,  changes  in  ratings  were  justified  based  on 
engineering  considerations. 
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The  second  method  of  estimating  the  probabilities  of  static  failure  of  the  Tongue 
River  Dam  utilized  Hatem's  recently  completed  thesis  (Hatem  1985).  Hatem 
expanded  the  FEMA  data  base  and  categorized  the  dams  by  type,  age,  and  type  of 
failure  mode  to  determine  a  historical  frequency  of  failure  for  each  failure  mode, 
expressed  on  a  per  year  basis.  As  with  the  FEMA  study,  these  frequencies  can  be 
viewed  as  applying  to  a  dam  which  appears  to  be  in  "average"  condition  considering 
observable  factors  that  would  be  associated  with  the  failure  mode  under  considera- 
tion. In  an  attempt  to  adjust  these  frequencies  to  represent  cases  of  dams  which 
appear  to  be  better  or  poorer  than  "average,"  Hatem  used  statistical  methods  to 
calculate  10%  and  90%  confidence  limits  on  the  probability  estimates,  correspond- 
ing to  dams  in  "better  than  average"  or  "poorer  than  average"  condition,  respec- 
tively. However,  Hatem  did  not  relate  the  10%,  50%  (average),  or  90?'&  probabili- 
ties to  specific  descriptions  of  the  condition  of  the  dam.  Therefore,  the  user  is  left 
with  three  choices  of  "better  than  average"  (10%),  "average"  (50%),  and  "poorer 
than  average"  (90%).  For  the  Tongue  River  Dam,  it  was  the  consensus  of  the 
consultant  team  and  the  DNRC  project  staff  that  the  Tongue  River  Dam  should  be 
evaluated  as  "better  than  average"  for  static  loading,  except  for  the  foundation 
failure  mode  which  was  considered  to  be  between  "better  than  average"  and 
"average."  The  estimated  probabilities  of  failure  for  each  failure  mode  were 
obtained  from  Hatem  (1985)  corresponding  to  the  10%  (or  50%)  probability 
estimates  for  an  earth  dain  greater  than  five  years  old. 

The  third  method  of  estimating  the  static  failure  probability  is  that  used  by  the 
Bureau  of  Reclamation  (Applications  of  Statistical  Data  from  Dam  Failures  and 
Accidents  to  Risk  Based  Decision  Analysis  on  Existing  Dams,  USBR,  Internal 
Report,  in  press).  This  method  uses  a  three-step  process  to  determine  the 
probability  of  static  failure  due  to  all  causes.  The  first  step  is  to  look  at  a 
historical  rate  of  failure  as  compiled  by  the  Bureau  of  Reclamation.  A  minimum 
and  maximum  rate  of  failure  is  determined  to  represent  the  range  of  interpreta- 
tions that  can  be  made  from  the  historical  dam  failure  data  and  to  account  for  the 
uncertainties.  The  second  step  looks  at  the  site  specific  conditions  of  the  dam  and 
the  third  step  determines  a  failure  rate  based  on  the  results  of  the  second  step  and 
the  historical  failure  information. 
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The  historical  data  for  a  dam  that  falls  in  the  category  of  earth  dams  built  after 
1930  but  prior  to  1960,  in  the  western  United  States,  50  to  100  feet  high,  shows  two 
static  failures  with  8,200  dam  years  of  operation.  This  gives  a  probability  of  2.'t^  x 
lO"'*  per  dam  year.  For  dams  in  the  same  category  but  in  the  eastern  United 
States,  the  rate  is  three  failures  in  15, 06^*  dam  years  of  operation  for  2.0  x  lO-'^  per 
dam  year  with  a  weighted  average  for  number  of  dam  years  of  2.2  x  lO"'^. 
Examining  all  dams  built  between  1930  and  1960,  the  probabilities  are  3.8  x  10-5 
for  western  dams  and  2.2  x  [0~^  for  eastern  dams.  Examining  all  dams  in  the 
height  category,  the  probability  ranges  from  a  high  of  1.5  x  10"^  to  a  low  of  ^^.3  x 
lO"'*-  An  aggregate  of  all  failures  shows  that  the  failure  rate  for  dams  greater 
than  50  feet  high  in  the  western  United  States  built  after  1930  is  ^  x  lO"'*.  If  20% 
of  failures  for  all  dams  over  50  feet  high  are  due  to  overtopping  and  spillway 
failures  and  80%  are  static  failures,  the  average  static  failure  rate  is  3.2  x  iO"'* 
which  falls  within  the  range  of  averages  as  discussed  above. 

The  "average"  dam  in  this  category  then  has  an  estimated  range  of  probability  of 
static  failure  of  3.8  x  10"^  to  6.1  x  lO"'^,  and  the  weighted  average  for  the  specific 
type  of  dams  is  2.2  x  lO"'^  per  dam  year.  However,  for  static  failures  75%  of  all 
failures  occur  in  the  first  ten  years  of  operation.  Since  this  dam  is  older  than  ten 
years,  the  probability  can  be  reduced  by  about  75%  to  an  estimated  range  from  9A 
X  10"'',  to  1.5  x  lO"'*  and  a  weighted  average  of  3.^  x  10"^. 

The  second  step  of  looking  at  this  specific  dam  showed  no  reason  to  suppose  that 
this  dam  is  any  better  or  worse  than  any  other  dam.  Therefore,  in  the  third  step 
using  engineering  judgement,  it  was  appropriate  to  use  a  total  static  failure  rate 
equal  to  5.^  x  10"^. 

The  results  of  all  three  methods  are  given  in  Table  VII-2.  All  three  methods  gave 
quite  similar  results  which  gave  a  bias  for  confidence  in  the  results. 
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TABLE  VII-2 

Static  Loading 
Conditional  System  Response  Probabilities 


Static  Failure  Mode 

FEMA 

Hatem 

USBR 

Historical 

1. 

Foundation  Failure 

3.6  X  10'^ 

1.3  X  10'^ 

N/A 

2. 

Piping  of  the  Embankment 

1.2  X  10'^ 

i*.2  X  10'^ 

N/A 

3. 

Slope  Instability 

2.8  X  10"^ 

1.5  X  10"^ 

N/A 

4. 

Piping  Around  the  Outlet  *orks 

1.6  X  10'^ 

ttA  X  10'^ 

N/A 

5.    Landslide  Into  Reservoir 


The  FEMA  values  were  used  for  the  static  failure  mode  probabilities.  In  the  case 
of  the  Tongue  River  Dam,  the  probability  of  occurrence  of  a  landslide  into  the 
reservoir  was  estimated  to  be  0.00 1  per  year  based  on  the  historical  record  of 
landslides  in  the  Tongue  River  reservoir. 

C.       System  Responses  and  Associated  Probabilities  Due  to  Hydrologic  Loading 

Under  each  hydrologic  loading  condition,  the  following  categories  of  dam  failure 
modes  (system  response  type)  were  evaluated  (see  event  tree  Figure  VII-1): 

1.  Spillway  crest  failure. 

2.  Erosion  of  spillway  tailrace  channel. 

3.  Piping  through  clinker. 

if.        Overtopping  of  embankment. 

The  conditional  response  probability  for  each  failure  mode  corresponding  to  each 
loading  condition  was  estimated  for  each  alternative.  The  estimations  were  made 
after  a  site  visit  and  discussion  sessions  among  the  PRC  team  members,  the  DNRC 
project  staff,  and  Mr.  Harlan.  Experiences  from  the  1978  flood,  the  1982  safety 
inspection  of  the  dam,  and  operation  and  maintenance  history  of  the  project  were 
also  drawn  upon  in  estimating  response  probability  for  each  failure  mode. 
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Alternative  A  -  Existing  dam  with  no  structural  modifications  and  present  reser- 
voir operating  restrictions  removed   -   "Existing  Dam" 

This  alternative  consists  of  providing  no  structural  modification  to  Tongue  River 
Dam.  It  is  described  in  the  Basic  Design  Report  Supporting  Data,  State  of 
Montana,  Water  Resource  Board,  Tongue  River  Project,  Bechtel  Corporation,  SF 
1969;  Geologic  and  Materials  Report,  Tongue  River  Dam  and  Alternate  Damsites, 
Big  Horn  and  Rosebud  Counties  Montana,  May  1982,  USBR  Upper  Missouri  Regional 
Office;  Planning  Report  and  Preliminary  Environmental  Review  Appendix  B,  USBR 
for  Montana  Department  of  Natural  Resources  and  Conservation,  Tongue  River 
Dam  Study,  March  1985.  The  risk  associated  with  it  is  the  current  level  of  risk 
people  are  living  with.  This  alternative  restores  full  project  benefits  by  restoring 
full  pool  storage  but  no  additional  flood  control  storage  or  spillway  capacity  is 
provided.  In  fact,  some  flood  control  storage  gained  as  a  result  of  the  current 
restrictions  is  lost  when  the  current  operating  restrictions  are  removed.  Conse- 
quently, populations  downstream  would  likely  have  a  reduced  warning  time  and  the 
decision  to  warn  people  and  evacuate  becomes  increasingly  critical  in  this 
alternative.  The  potential  for  dam  failure  increases  because  the  existing  spillway 
would  operate  in  its  present  condition  more  frequently. 

The  system  response  due  to  the  hydrological  loadings  is  described  in  this  paragraph. 
First,  spillway  discharges  over  6,800  cfs  were  found  in  the  1978  flood  to  begin 
eroding  the  tailrace  area.  As  the  water  head  increases,  the  spillway  crest  is 
expected  to  begin  to  suffer  damages  and  possibly  begin  breaking  up  with  four  to 
five  feet  of  water  going  over  the  crest  (HMT  Associates).  With  more  than 
20,000  cfs  between  W.S.  elevations  3^28. '^  and  3'f29.'i,  it  is  probable  that  the 
spillway  crest  could  fail  and  erosion  of  the  tailrace  area  could  become  significant. 
Failure  of  the  spillway  leads  to  a  sudden  increase  in  discharges  from  the  reservoir. 
If  the  reservoir  water  surface  continues  to  increase  due  to  a  major  storm,  the 
seepage  problems  would  probably  become  more  serious  with  the  potential  of 
leading  to  failure  of  the  structure  by  piping  through  the  clinker.  It  is  the  opinion  of 
the  consultant  team,  DNRC  staff,  and  Mr.  Harlan  that  the  structure  could  fail  due 
to  some  combination  of  spillway  crest  failure,  tailrace  erosion,  or  piping  before 
overtopping  would  occur.  The  system  response  probabilities  are  shown  in  Table 
VII-  3. 
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TAISLE  V1I.3 
Tongue  River  Dam-Risk  Analysis 

Conditiona 
Alternat 

llesponsif  P 
ive  A  -  Exist 

obubililies 
ng  Dam 

Event 

type:    Spring 

Flood 

Peak  Inflow  (1,000  cU) 

O-IO 

10-15 

15-20 

20-25 

25-30 

30-50 

50-80 

80-110 

110-200 

200-382 

382 

Pedk  Outflow  (1,000  cfs) 

0-7 

7-11 

11-16 

17-20 

20-211 

21-12 

12-68 

68-103 

103-196 

196-379 

379 

System  Response 

1.      NF  »  (PF)« 

1.00 

0.95 

0.S5 

0.65 

0.15 

0.15 

0.00 

0.00 

0.00 

0.00 

0.00 

2.      Spillway  Crest 

0.00 

0.00 

0.05 

0.20 

0.30 

O.IO 

0.15 

0.15 

0.15 

0.15 

0.15 

3.      Tailrace  Erosion 

0.00 

0.05 

0.10 

0.  15 

0.25 

0.10 

0.15 

0.15 

0.15 

0.15 

0.15 

i|.      Piping  Clinker 

0.00 

0.00 

0.00 

0.00 

0.00 

0.05 

0.10 

0.10 

0.10 

0.10 

0.10 

5.      Overtopping 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Event 

ype:    Summe 

r  Flood 

Peak  Inflow  (1,000  cfs) 

0-10 

10-15 

15-20 

20-25 

25-30 

30-50 

50-80 

80-110 

110-200 

200-382 

382 

Peak  Outflow  (1,000  cfs) 

0-7 

7-11 

11-16 

17-20 

20-2<l 

21-12 

12-68 

68-103 

103-196 

196-379 

379 

System   Response 

1.      NF  .  (PF)' 

1.00 

0.97 

0.90 

0.75 

0.55 

0.20 

0.00 

0.00 

0.00 

0.00 

0.00 

2.      Spillway  Crest 

0.00 

0.00 

0.03 

0.16 

0.28 

0.38 

0.15 

0.15 

0.15 

0.15 

0.15 

3.      Tailrace  Erosion 

0.00 

0.03 

0.07 

0.09 

0.17 

0.38 

0.15 

0.15 

0.15 

0.15 

0.15 

4.      Piping  Clinker 

0.00 

0.00 

0.00 

0.00 

0.00 

0.01 

0.10 

0.10 

0.10 

0.10 

0.10 

5.      Overtopping 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

•NF    =    No  Failure;    (PF)    =    Partial  Failure 

Alternative  B  -  Modify  the  dam  and  spillway  to  safely  pass  the  PMF  and  increase 
reservoir  storage  -  "Spillway  Capacity  382,000  cfs  (100%  PV1F)." 

This  alternative  is  described  in  Planning  Report  and  Preliminary  Environmental 
Review,  USBR  for  MDNR  &  C,  Tongue  River  Dam  Study,  March,  1985;  Tongue 
River  Dam  Modification,  Feasibility  Design  Data,  MDNR  &  C,  Tongue  River 
Project,  August  29,  1984;  Draft  DNRC  1985  Summary  Report  (Alternative  la)  and 
involves  cnodifications  to  the  dam  and  spillway  to  safely  pass  the  PMF  of 
382,000  cfs.  The  spillway  crest  would  be  rebuilt  and  founded  on  sandstone  and 
siltstone.  Seepage  control  would  be  provided  by  a  cutoff  trench  connecting  the 
existing  dam  cutoff  trench  to  the  spillway  cutoff  trench  and  extending  the  trench 
through  the  clinker  to  the  west  along  the  shore  of  the  reservoir.  The  crest  of  the 
uncontrolled  spillway  would  be  raised  to  elevation  3'42S,A  providing  an  additional 
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four  feet  of  storage.  The  spillway  would  be  widened  to  500  feet  so  that  it  would 
pass  96,000  cfs  at  a  reservoir  water  surface  level  of  elevation  34^*2.  A  new  stilling 
basin  would  be  built  to  replace  the  old  hydraulically  inefficient  basin.  The  crest  of 
the  dam  would  be  raised  to  elevation  3^65.0  which  would  provide  3.5  feet  of 
freeboard  under  PMF  conditions.  The  new  embankment  would  be  constructed  on 
the  site  of  the  existing  berms  (which  would  be  removed)  immediately  downstream 
of  the  existing  dam.  The  foundation  area  would  be  densified  using  deep  dynamic 
compaction.  The  crest  would  be  raised  and  moved  downstream  of  the  existing  dam. 
The  new  crest  would  be  'tO  feet  wide  with  3:1  upstream  slope  and  with  2:1  and  I  "2:1 
downstream  slopes.  The  existing  dam  would  be  used  in  part  for  the  upstream  shell 
of  the  new  dam. 

The  structure  would  not  be  expected  to  fail  when  operated  up  to  the  full  PMF. 
Some  uncertainty  may  remain  because  of  the  possibility  of  failure  by  piping 
through  the  clinker  due  to  known  foundation  problems  which  may  or  may  not  be 
entirely  resolved  during  construction  of  the  new  structure. 

The  systeiTi  response  due  to  increasing  inflow  floods  would  be  expected  to  follow 
the  sequence  of  events  described  in  this  paragraph.  The  i.nprovements  to  the  dam, 
foundation,  and  spillway  would  be  expected  to  improve  the  conditions  to  prevent 
failure  of  the  dam  up  to  spillway  discharges  of  200,000  cfs  at  elevation  3452.0. 
Because  of  the  poor  foundation  conditions  it  is  judged  unrealistic  to  expect  to 
completely  solve  the  seepage  problems.  Hence,  some  slight  risk  would  remain  of 
the  dam  failing  due  to  piping  through  the  clinker.  Should  the  PMF  inflow  be 
exceeded,  there  is  3.5  feet  of  freeboard  available  before  overtopping  would  occur. 
The  conditional  response  probability  of  dam  failure  for  inflows  greater  than  the 
PMF  was  estimated  to  be  about  15%.  The  estimated  probabilities  of  the  system 
response  described  above  are  shown  in  Table  WU-k. 
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TAHLE  VII- 

-1* 

Alt 

Tongue  Rt 

Condi  110 
;  B-Sp.lh 

ver  Dam-Risk 

.nal  System  R 
vay  Capacity 

:  Analysis 

esponsL- 

382,000  (100%  PMF) 

Event 

Type:    Sprii 

"g 

Flood 

Peak  Inllo*  (1,000  els) 

0-10 

10-13 

15-20 

20-25 

25-30 

30-50 

50-80 

80-110 

110-200 

200-382 

382 

Peak  Outflow  (1,000  els) 

0-7 

7-11 

11-16 

17-20 

20-20 

21-t2 

'(2-68 

68-103 

103-196 

196-379 

379 

System  Response 

1.      NF.(PF)» 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0.95 

0.85 

2.      Spillway  Crest 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

3.      Tailrace  Erosion 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

d.      Piping  Clinker 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.05 

0.05 

5.      Overtopping 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.10 

Event  1 

■ype:    Suinn 

-  Flood 

Peak  Inflow  (1,000  clsj 

0-10 

10-15 

15-20 

20-25 

25-30 

30-50 

50-80 

80-110 

110-200 

200-382 

382 

Peak  Outflow  (1,000  cfs) 

0-7 

7-11 

11-16 

17-20 

20-2'J 

2H-'(2 

<t2-68 

68-103 

103-196 

196-379 

379 

System   Response 

1.      NFt(PF)« 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0.95 

0.85 

2.      Spillway  Crest 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

3.      Tailrace  Erosion 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

It.      Piping  Clinker 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.05 

0.05 

5.      Overtopping 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.10 

•NF    =    No  Failure;   (PF)    =    Partial  Failu 


Alternative  C  -  Modify  the  dam  and  spillway  to  pass  a  103,^00  cfs  flood  - 
"Spillway  Capacity  103,^00  cfs  (27%  PiMF)." 

This  alternative  has  been  identified  and  described  in  Engineering  Feasibility  Study, 
Tongue  River  Spillway  Modification,  Harlan  Miller  Tait  Associates,  June  ^,  19S5  as 
a  "patchwork"  alternative  and  also  as  Alternative  No.  2a  in  the  draft  DNRC  1985 
Summary  Report.  It  involves  modifying  the  spillway  to  safely  pass  103,^+00  cfs  at  a 
reservoir  water  surface  of  elevation  3^'t2.<f.  The  spillway  crest  would  be  rebuilt 
and  founded  on  sandstone  and  siltstone.  The  spillway  crest  elevation  and  width, 
"iklkA  and  350  feet  respectively,  would  remain  the  same  as  the  existing  structure. 
The  spillway  chute  would  be  stabilized  by  rock  anchors.  The  stilling  basin  would  be 
rebuilt  and  widened  to  250  feet  from  the  present  100  feet.  A  new  slurry  trench 
would  be  constructed  under  the  spillway  crest  to  control  seepage.  The  slurry 
trench  would  connect  to  the  dam  cutoff  trench,  cross  the  spillway  approach 
channel,  and  extend  to  the  west  upstream  of  the  left  abutment  to  control  seepage 


Vll-13 


through  the  clinker.  Grouting  would  be  provided  under  the  spillway  chute.  The 
embankment  crest  would  be  raised  10  feet  through  a  dumped  waste  method  to 
elevation  2>k52.0  and  foundation  improvements  ^vould  be  provided. 

The  purpose  of  this  alternative  would  be  to  provide  protection  up  to  approximately 
103,^00  cfs  outflow  before  potential  overtopping  occurs.  The  dumped  waste 
method  of  raising  the  crest  of  the  embankment  provides  some  protection  against 
overtopping.  If  an  engineered  fill  were  used  for  raising  the  embankment  crest,  the 
spillway  would  possibly  discharge  approximately  200,000  cfs  with  the  reservoir 
water  surface  at  elevation  3^+52.  Soine  potential  will  exist  for  piping  through  the 
clinker  due  to  the  existing  foundation  conditions,  given  the  known  seepage 
problems  and  the  difficulty  experienced  in  correcting  the  problems.  The  estimated 
system  response  probabilities  are  shown  in  Table  VII-5. 


T\BLE  Vll-'j 

Tongue  River  Darn-Risk  Analysis 

Conditional  Systein  Response 

Alternative  C  -  Spillway  Capacity  103,1.00  <2"<%  PMF) 

livent  Type:    Spring  Flood 


Peak  Inflow  (1,000  cfs) 

0-10 

10-15 

15-20 

20-25 

25-30 

30-50 

50-80 

80-110 

110-200 

200-382 

382 

Peak  Outflow  (1,000  cfs) 

0-7 

7-11 

11-16 

17-20 

2Q-2» 

2i*-k2 

ijj-es 

68-103 

103-196 

196-379 

379 

System  Response 

1.      NF4(PF)' 

1.00 

i.ao 

1.00 

1.00 

1.00 

1.00 

1.00 

0.95 

0.50 

0.05 

0.00 

2.      Spillway  Crest 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

3.      Tailrace  Erosion 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

ii.      Piping  Clinker 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.05 

0.10 

0.10 

0.15 

5.      Overtopping 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

O.ltO 

0.85 

0.85 

Event  T 

ype:    Summ 

er  Flood 

Peak  Inflow  (1,000  cfs) 

0-10 

10-15 

15-20 

20-25 

25-30 

30-50 

50-80 

80-110 

110-200 

200-382 

382 

Peak  Outflow  (1,000  cfs) 

0-7 

7-11 

11-16 

17-20 

20-2t 

2H-H2 

'•2-68 

68-103 

103-196 

196-379 

379 

System  Response 

1.      NF4(PF)» 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0.95 

0.50 

0.05 

0.00 

2.      Spillway  Crest 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

3.      Tailrace  Erosion 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

<i.      Piping  Clinker 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.05 

0.10 

0.  10 

0.15 

5.     Overtopping 

0.00 

0.00 

0.00 

0..00 

0.00 

0.00 

0.00 

0.00 

Q.ilQ 

0.85 

0.85 

•NF    =    No  Failure;   (PF)    =    Partial  Failure 
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Alternative  D  -  Modify  the  spillway  and  energy  dissipator  to  pass  a  design 
capacity  of  60,000  cfs  (the  original  intended  design  capacity  at  a  water  surface  of 
elevation  3437. 'f  based  on  original  construction  drawing  No.  9-GR.  dated  March  14, 
193S)  -   "Spillway  Capacity  60,000  cfs  (16%  PMF)." 

This  alternative  described  in  Engineering  Feasibility  Study,  Tongue  River  Spillway 
Modification,  Harlan  Miller  Tait  Associates,  June  4,  1985  and  in  the  draft  DNRC 
1983  Summary  Report  (Alternative  2b)  involves  work  on  the  spillway  to  reduce  the 
likelihood  of  failure  of  the  spillway.  It  would  rehabilitate  tlie  dam,  spillway,  and 
energy  dissipator  to  pass  the  originally  intended  design  capacity  of  60,000  cfs. 
Limited  work  would  be  performed  on  the  spillway  chute,  but  the  spillway  crest  and 
the  energy  dissipator  would  be  replaced.  Some  work  would  be  included  to  reduce 
the  potential  of  piping  through  the  abutments.  No  work  would  be  done  on  the 
embankment  and  the  dam  crest  would  remain  at  elevation  3442.4.  The  estimated 
system  response  probabilities  for  this  alternative  are  shown  in  Table  VlI-6. 
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Alternative  E    -    Breaching  the  dam  and  restoration  of  the  reservoir  area  -"Breach" 

This  alternative  is  referenced  In  the  draft  DNRC  19S<9  Sumtnary  Report.  It  is 
presented  as  a  preliminary  alternative  and  its  associated  costs.  The  cost  of 
breaching  the  dam  and  restoration  of  the  reservoir  area  was  computed  by  Harlan 
Miller  Talt  Associates,  while  the  construction  cost  of  this  alternative  was  taken 
from  the  draft  1985  Summary  Report  (Alternative  3b).  The  alternative  involves 
breaching  the  dam  and  restoring  the  reservoir  area.  This  alternative  eliinlnates  all 
risk  due  to  dam  failure;  however,  all  benefits  froin  the  dam  (recreation,  water 
supply.  Incidental  flood  control)  would  be  lost.  It  should  be  remembered  that  the 
downstream  areas  would  still  be  vulnerable  to  flood  damage  due  to  natural  flood 
flows  should  storms  move  into  the  area.  There  are  no  system  response  probabilities 
(hydrologlc,  seismic,  or  static)  for  this  alternative  because  there  Is  no  dam. 
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VIII.     CONSEQUENCE  ASSESSMENT 


A.  Introduction 

Two  types  of  consequences  were  considered  in  this  study  which  are  associated  with 
the  risk  of  structural  failure  of  the  Tongue  River  Dam  and  the  release  of  its 
reservoir  contents.  One  involves  primarily  economic  consequences  such  as 
property  damage,  loss  of  personal  and  business  income,  interruption  of  public 
services,  and  loss  of  project  benefits.  The  other  is  the  potential  threat  to  life 
which  risk  of  dam  failure  poses.  The  following  assessment  provides  a  characteriza- 
tion of  these  two  major  consequences  for  the  Tongue  River  Dam  and  the  Tongue 
River  region  and  provides  estimates  of  the  economic  damages  and  the  potential 
threat  to  life.  It  also  documents  the  dam  break  and  flood  routing  studies  which 
were  performed  to  delineate  the  estimated  extent  of  the  flood  plain  associated 
with  various  failure  and  non-failure  scenarios. 

B.  Inundation  Studies 

General 

The  determination  of  flood  inundation  areas  downstream  of  Tongue  River  Dam,  due 
to  floods  resulting  from  various  dam  failure  and  non-failure  scenarios,  is  essential 
in  assessing  property  damage  and  potential  life  loss.  The  assessment  of  damages 
was  made  by  evaluating  the  flood  areas  associated  with  each  loading  condition. 
For  each  of  the  rehabilitation  alternatives  studied  in  this  report,  breach  outflows 
associated  with  each  loading  condition  were  determined.  Breach  outflows  were 
routed  down  the  Tongue  River  from  Tongue  River  Dam  to  Miles  City.  The  total 
river  mileage  between  Tongue  River  Dam  to  Miles  City  is  187.  Figure  VIII-1 
(Sheets  1  through  ^)  shows  plans  of  the  Tongue  River  and  the  designation  of  channel 
sections  used  in  the  flood  routing  calculations. 
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Because  inundation  studies  were  performed  for  the  1982  emergency  warning  and 
evacuation  plan  for  the  Tongue  River  Dam,  data  were  available  on  channel 
characteristics  of  the  Tongue  River  reaches.  After  a  careful  review  of  the 
available  data  used  in  the  1982  study,  it  was  determined  that  the  data  were 
satisfactory  for  the  present  study.  The  U.S.  Corps  of  Engineers'  Hydrologic 
Computer  Package,  HEC-1,  was  used  for  breach  analysis  and  floodplain  delineation 
in  the  1982  report.  Therefore,  it  was  decided  to  use  the  HEC-1  model  for 
performing  dam  break  and  flood  routing  computations  in  the  present  study.  The 
choice  of  using  HEC-1  model  was  based  on  the  following  considerations: 

o         HEC-1      is     consistent     with     procedures     and     data     used     in     the     1982 
emergency/evacuation  plan. 

o         Massive  amounts  of  channel  cross-section  data  were  available. 

o         HEC-1  provides  for  rapid  calculation  of  multiple  flood  hydrographs. 

o         Requirements  for  additional  data  were  minimal. 

Breach  Analysis 

Breach  parameters  were  needed  for  calculating  breach  outflow  hydrographs  using 
the  HEC-1  computer  model.  The  required  breach  parameters  were:  breach  shape, 
breach  side  slope,  bottom  elevation  of  breach,  base  width  of  breach,  breach 
development  time,  and  reservoir  water  surface  elevation  at  beginning  of  breach. 

Assumptions  regarding  these  parameters,  except  the  reservoir  water  surface 
elevation,  were  obtained  from  relationships  developed  from  data  on  historic  dam 
failures  published  in  the  literature  and  used  in  the  emergency  action  plan  study. 
Sensitivity  studies  were  conducted  and  judgement  was  exercised  in  selecting  the 
appropriate  values  for  these  parameters.  In  order  to  achieve  a  consistency  for 
comparing  rehabilitation  alternatives  and  to  keep  the  variation  of  parameters  to  a 
manageable  number,  the  following  values  for  breach  parameters  were  used  in 
breach  outflow  calculations  for  all  failure  modes: 
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o  Breach  shape-Trapezoidal. 

o  Breach  Side  Slopes  (V:H)  -  2: 1 . 

o  Bottom  elevation  of  breach  (feet)  -  336^. 'f. 

o  Base  width  of  breach  (feet)  -  varies  from  500  to  1,000. 

o  Breach  development  time  (hours)  -  2.0. 

o  Reservoir   water   surface  elevation   -  depending  on   loading  condition  under 
consideration. 

Routing  of  Breach  Outflow  Hydrographs 

For  each  flood  event,  the  inflovv  hydrograph  was  routed  through  the  reservoir  and 
downstream  to  Miles  City  using  the  HEC-1  model.  The  outflow  hydrograph  through 
the  breached  dam  was  started  when  the  reservoir  water  surface  elevation  reached 
maximum  stage  during  routing  of  the  inflow  hydrograph  through  the  reservoir. 
Spillway  and  outlet  works  rating  curves  for  each  rehabilitation  alternative  were 
developed  and  a  reservoir  storage-elevation  curve  was  prepared  using  the  latest 
data  furnished  by  DNRC.  All  three  curves  were  required  in  the  reservoir  routing 
computations. 

Each  flood  event  was  considered  to  start  with  the  reservoir  level  at  the  spillway 
crest  elevation  associated  with  the  rehabilitation  alternative  being  studied.  The 
reservoir  outflows  (including  breach  outflow)  were  routed  through  the  downstream 
river  reaches.  The  peak  flow,  time  to  peak  stage,  the  maximum  stage,  and  the 
maximum  velocity  of  flood  flow  at  the  downstream  end  of  each  reach  were 
computed.  Over  200  routing  computation  runs  were  performed  to  cover  each 
loading  combination,  the  four  rehabilitation  alternatives,  the  existing  dam  case  and 
natural  flows.  In  order  to  facilitate  the  assessment  of  economic  damage  associated 
with  each  loading  condition  and  rehabilitation  alternative,  flood-stage  curves  were 
developed  for  eight  key  locations  along  the  Tongue  River  using  routing  results  for 
six  typical  loading  cases  shown  in  Table  VIII-1.  Flood-stage  curves  were  prepared 
for  cross-sections  downstream  of  Dam  (No.  ^),  Birney  (No.  [i^),  Birney  Day  School 
(No.  18),  Ashland  (No.  2S),  USGS  Gage  6-3078  (No.  37),  H.S.  School  (No.  ^5),  Thorpe 
Creek  (No.  53)  and  Miles  City  (No.  61).  These  locations  are  shown  in  Figure  VIII-1. 
The  flood-stage  curves  are  shown  in  Figure  VIII-2. 
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500,000 

Alternative 

Existing 
(A) 

Existing 
(A) 

B 

B 

C 

C 

Dam  Breached  (Y/N)" 

N 

Y 

N 

Y 

N 

Y 

Start 

Dam 

189.1 

18.01(3 

1,197,662 

367,827 

2,266,286 

113,385 

2,166,909 

4 
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90.6 

15,628 

K79,236 

365,  15K 

1,1(25, 6*5 

112,279 

1,320,578 

K5 

H.  S.  School 

6i|.l 

15,200 

1(37,937 

36*, 585 

1,3K5,781 

112,035 

l,222,50'( 

53 

Near  Thorpe  Creek 

31.2 

IK, 161 

365,353 

363,030 

1,192.815 

111.311 

1,119,090 

61 

l-9<(  Nr.  Miles  City 

2.1 

11,003 

337,097 

360,202 

1.133,917 

110.898 

1,082,222 

Measured  from  confluence  of  Tongue  and  Yellowstone  Rivers 
Failure  condition:   N  ^  No;   Y  =  Yes. 


With  the  flood-stage  curves  for  key  locations  along  the  river  reaches,  the 
preparation  of  an  inundation  map  for  each  flood  routing  became  unnecessary. 
However,  for  purposes  of  illustration  and  as  a  guide  in  assessing  flood  damages, 
Inundation  boundaries  for  the  spring  flood  event  with  reservoir  inflow  peak  of 
382,000  cfs  for  rehabilitation  Alternative  B  were  delineated  and  are  shown  in 
Figure  VIII-1.  The  inundation  map  for  the  1982  eitiergency  plan  is  also  shown  in 
Figure  VIII-1  for  comparison. 
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C.  Damage  Assessment 

The  economic  evaluation  of  alternatives  for  modification  of  the  risk  of  dam  failure 
is  used  primarily  to  assess  whether  projection  above  minimum  design  levels  is 
economically  justified.  The  justification  can  be  based  on  the  minimum  cost  for  a 
level  of  protection,  an  incremental  analysis  where  benefit  to  cost  ratios  are  used  to 
compare  benefits  with  the  costs  of  modification,  or  comparison  of  costs  of  modifi- 
cation alternatives  and  choice  based  on  the  minimum  of  the  summation  of  annual 
risk  cost  and  annualized  modification  costs.  Each  of  these  criteria  is  a  measure  of 
efficiency  in  expenditure  relative  to  the  benefits  derived  from  risk  modification. 

The  economic  evaluation  consisted  of  two  parts.  First  an  assessment  of  damage 
was  made,  and  then  the  damage  estimates  were  combined  with  the  probabilities  of 
the  loading  conditions  and  their  resulting  response  probabilities  to  derive  a  risk 
cost  for  the  damages  in  question.  The  economic  evaluation  used  both  information 
elements  to  compare  the  reduction  of  expected  damages  with  the  cost  of  achieving 
the  reductions. 

The  quantification  of  flood  damages  required  the  identification  of  the  floodplain 
and  inundated  areas  for  alternative  magnitudes  of  floods  projected  for  dam  failure 
responses.  Once  those  areas  were  identified,  then  land  use  characteristics  and 
enterprise  activities  in  the  areas  had  to  be  determined.  The  extent  of  downstream 
damage  was  then  estimated  for  alternative  flood  magnitudes  using  the  land  use 
characteristics  and  enterprise  activity  information  along  with  estimates  of  dam- 
age-depth of  water  relationships  and  estimates  of  damages  obtained  from  various 
public  and  private  business  and  household  sources. 

Damages  were  estimated  for  residential,  commercial,  industrial,  public,  and 
agricultural  losses  projected  to  result  from  inundation.  In  addition,  estimates  were 
made  for  losses  of  income  or  wages  due  to  the  flooding  and  the  interruption  of 
business  activity.  Impoundment  project  benefits  which  would  be  interrupted  or  lost 
were  also  included  in  the  damage  estimates.  Residential  losses  included  property 
damage  and  displacement  costs  for  the  time  residences  would  be  under  repair  for 
reoccupation.        Commercial    and    industrial    losses    included    capital    losses    and 
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employment  and  income  losses.  Public  facility  and  service  losses  included  property 
damage  to  buildings,  health  care  facilities,  transportation  structures,  utilities,  and 
recreation  sites.  In  addition  to  the  cost  of  property  damage  and  repair  for  these 
facilities,  provision  of  temporary  services  had  to  be  included.  Commodities  and 
services  would  have  to  be  replaced  and  the  cost  of  that  replacement  was  added  to 
the  public  facility  damage  estimates.  Agricultural  losses  consisted  of  capital 
losses,  crop  and  livestock  enterprise  income  losses,  and  an  estimate  of  lost 
productive  capacity  of  land  (the  costs  of  replacing  the  land  to  original  productivity 
was  included  for  those  areas  which  would  experience  serious  erosion).  Loss  of 
reservoir  benefits,  such  as  recreation,  irrigation,  and  municipal  and  industrial  uses 
of  water,  were  estimated  for  the  period  of  time  that  project  service  would  be 
interrupted  by  flooding  and  not  operative  until  repaired.  If  the  structure  would  be 
repaired,  the  cost  associated  with  the  repair  was  included  in  the  risk  cost. 

In  the  present  damage  assessment  for  the  Tongue  River  region,  damages  were  esti- 
mated for  all  of  the  above  categories.  The  damage  estimates  and  descriptions  of 
the  circumstances  or  basis  of  the  damages  were  presented  by  major  community 
(Miles  City,  St.  Labre  Mission,  Ashland,  and  Birney),  public  facilities,  temporary 
housing  replacement  and  wage  losses,  emergency  costs,  business  income  losses, 
losses  to  utilities,  rural  damages  (primarily  ranch  crop  and  livestock  income  losses), 
and  lost  project  benefits.  Property  damages  can  be  estimated  by  using  an  exten- 
sive appraisal  of  property  blocks  within  the  floodplain  which  has  been  completed, 
or  by  initiating  such  an  appraisal,  or  by  relying  on  secondary  information  or  a  sur- 
vey of  information  available  including  average  values,  incomes,  and  conditions  in 
the  affected  region.  This  latter  approach  involves  obtaining  estimates  of  value  and 
possible  damage  from  various  sources,  including  county  clerk  offices,  realty  firms, 
Corps  of  Engineers  appraisal  worksheets,  business  establishments,  farm  organiza- 
tions, chambers  of  commerce,  utilities  firms,  etc.  Estimates  derived  for  this  study 
were  developed  using  this  latter  approach  since  no  previous  appraisal  was  available. 
Estimates  of  damage  are  given  in  1985  dollars  to  reflect  the  general  level  of  prices 
for  outputs  and  inputs  prevailing  in  the  period  immediately  preceding  the  analysis 
and  to  convert  benefits  and  costs  to  constant  dollar  streams.  The  discount  rate 
used  for  converting  benefit  or  loss  streams  to  present  value,  or  for  annualizing 
costs,  was  the  federal  discount  rate  as  of  October  1,  1986,  of  8.875  percent,  which 
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is  in  accordance  with  section  80(a)  of  Public  Law  93-251.  The  rate  reflects  the 
average  yield  during  the  preceding  federal  fiscal  year  on  interest-bearing  market- 
able securities  of  15  years  or  more  remaining  maturity. 

There  are  three  general  types  of  damages  which  are  of  concern  to  decision  makers 
in  assessing  the  risk  of  loss  due  to  dam  failure  and  developing  decisions  to  modify 
these  risks.  The  first  type  of  damage  is  the  natural  flow  damage  which  occurs 
without  dam  failure.  In  the  case  of  a  project  which  includes  flood  control  as  a 
project  purpose,  natural  flow  damages  could  be  replaced  by  baseline  damages  which 
include  operational  damages  resulting  from  normal  project  operations  of  the 
impoundment.  These  damages  precede  dam  failure  and  are  not  attributable  to  the 
uncontrolled  release  of  the  impoundment  via  failure.  The  natural  flow  damages  are 
those  represented  by  the  outflow  equals  inflow  condition  (see  Curve  B  in  Figure 
VIII-3). 


A  -   Existing  Dam  (assumed  spillway  failure) 

B  -  Natural  Flow  Damages  (without  dam  failure) 

C  -  Remedial  action  to  accomodate  a  percentage  of  PMF 


25  50  75 

PERCENT  PfctF 
(Adapted  from  USBR) 


100 


FIGURE  VIII-3  SCHEMATIC  CURVES  OF  INCREMENTAL  DAMAGES 
FOR   ALTERNATIVE   ACTIONS 
COMPARED  TO  NATURAL  FLOW   DAMAGES 
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There  is  no  flood  control  for  the  Tongue  River  Dann  and,  therefore,  natural  flow 
damages  are  equal  to  baseline  damages.  The  second  damage  estimate  is  the  total 
damage  resulting  from  failure  of  the  dam  and  release  of  the  impoundment  (see 
Figure  Vni-3).  Using  the  damage  estimates  derived  from  the  damage  assessments 
described  later,  a  flow-damage  relationship  (damage  curve  Figure  VIII-5)  was 
developed.  For  any  given  outflow  the  damages  due  to  that  flow  can  be  read  off  the 
damage  curve  for  damages  due  to  natural  flow  and  damages  due  to  dam  failure  and 
release  of  the  impoundment. 

The  natural  flow  damages  are  deducted  from  the  gross  downstream  damages  (due 
to  failure  and  release  of  the  impoundment).  By  so  doing,  the  remaining  damages 
represent  those  only  associated  with  failure  and  impoundment  release,  which  is 
normally  interpreted  as  the  extent  of  the  responsibility  of  the  project  owner  and 
operator. 

A  third  classification  of  losses  includes  the  possibility  of  punitive  damages, 
compensatory  payments,  and  legal  fees  that  may  or  may  not  be  associated  with 
structural  failure  consequences.  These  losses  were  investigated  in  this  study  by 
reviewing  the  implied  legal  environment  concerning  responsibility  of  structural 
failure  in  the  State  of  Montana  (see  Appendix  A). 

The  specific  limits  of  the  areas  studied  for  damages  extended  from  the  dam  to  the 
confluence  of  the  Tongue  River  and  the  Yellowstone  River  at  Miles  City.  The 
Yellowstone  River  is  significantly  larger  than  the  Tongue  River  and  the  Yellow- 
stone River  valley  is  much  wider  than  the  Tongue  River  valley,  and  hence,  the 
floodplain  is  also  larger.  The  additional  flows  in  the  Yellowstone  River  valley 
below  Miles  City,  resulting  from  flows  contributed  by  the  failure  of  Tongue  River 
Dam,  would  not  be  expected  to  cause  significant  additional  damages  or  alter  the 
results  of  the  risk  assessment.  Therefore,  the  damage  study  was  terminated  at  the 
downstream  reach  of  Miles  City. 

The  damage  assessments  for  this  study  were  conducted  on  the  basis  of  telephone 
surveys,  windshield  surveys,  conversations  with  people  in  the  areas,  and  informa- 
tion contained  in  reports.    Several  organizations  were  contacted  including  realtors, 
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chainbers  of  commerce,  school  districts,  hospitals,  major  businesses,  county  and 
state  offices,  insurance  brokers,  and  the  Corps  of  Engineers. 

The  damages  were  calculated  for  specific  flood  flows  in  order  to  generate  a  flow 
versus  damage  relationship.  Some  of  the  flows  were  further  refined  due  to  specific 
features  in  the  floodplain.  Although  additional  refinement  of  the  flow-damage 
relationship  would  have  been  possible,  it  would  have  been  very  expensive  and  was 
not  considered  necessary  for  the  scope  of  this  study.  The  flow-damage  relationship 
as  developed  was  considered  to  be  sufficiently  comprehensive  and  complete  for  the 
level  of  the  overall  study. 

In  determining  damages,  it  was  iinportant  to  remember  that  the  physical  arrange- 
ment of  property  in  each  area  differed  and  the  pattern  of  flood  flows  in  Birney 
differs  from  the  flows  in  Miles  City.  This  was  due  to  the  attenuation  of  the  flood 
over  the  study  area  of  187  miles.  To  be  able  to  develop  one  curve  or  set  of  curves 
of  damages  versus  flow  for  the  entire  study,  a  common  flow  denominator  was 
defined.  This  common  factor  was  outflow  at  the  dam  since  the  focus  of  the  study 
was  the  dam.  Each  outflow  was  attenuated,  however,  to  reflect  actual  flow 
patterns  at  each  geographical  area. 

The  damages  were  estimated  under  fifteen  categories.  These  categories  were  the 
residential,  commercial,  and  personal  property  damages  at  (1)  Miles  City,  (2) 
Ashland,  (3)  St.  Labre,  W  Birney,  damages  to  (5)  roads  and  bridges,  (6)  railroads 
and  transportation  delays,  (7)  schools,  (8)  hospitals,  (9)  temporary  housing  and  lost 
wages,  (10)  emergency  and  evacuation  costs  for  Miles  City,  Ashland,  St.  Labre, 
and  Birney;  (11)  lost  business  income,  (12)  utilities,  (13)  rural  damage  costs,  (1^) 
lost  project  benefits,  and  (15)  dam  replacement  costs.  The  methods  of  determining 
the  damages  for  each  of  these  areas  are  described  in  the  following  sections. 

Miles  City  -  Residential  and  Commercial  (1) 

The  Miles  City  damage  assessment  was  developed  from  information  collected 
from  a  windshield  survey;  a  telephone  survey  involving  the  Miles  City 
Chamber  of  Commerce,  the  Board  of  Realtors,  three  realty  firms,  the  Custer 
County  Assessor's  Office,  the  US  Army  Corp  of  Engineers  (COE),  and  the 
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following  reports;  County  Business  Patterns  1983  and  198^,  Flood  Insurance 
Study,  City  of  Miles  City,  Montana,  Federal  Emergency  Management  Agency, 
Flood  Insurance  Administration,  August,  1979;  Phase  I  General  Design  Mem- 
orandum Local  Flood  Protection  Project,  Summary  Report,  Yellowstone  and 
Tongue  Rivers,  Miles  City,  Montana,  COE,  November,  1978;  and  Final 
Environmental  Statement  Local  Flood  Protection  Project,  Yellowstone  and 
Tongue  Rivers,  Miles  City,  Montana,  COE,  December,  1978.  The  first  step 
was  to  determine  the  approximate  number  of  structures  and  a  general 
breakdown  of  those  structures  in  Miles  City.  Miles  City  has  the  largest 
population  within  the  study  area  with  an  official  1980  census  of  9,602  (US 
Census  Bureau).  An  estimate  of  approximately  three  people  per  family  was 
assumed  to  con-vert  the  general  population  to  families  per  home.  Based  on 
the  collected  in-formation,  the  population,  and  county  business  patterns,  an 
estimate  of  3,000  homes  and  350  business  establishments  in  Miles  City  was 
obtained.  There  is  a  wide  variation  in  residential  property  values,  ranging 
from  $9,000  to  $225,000.  With  this  wide  range  of  property  values  it  was 
difficult  to  determine  the  average  values  so  a  high  average  value  of  $55,000 
per  house  and  a  low  average  value  of  $^+5,000  per  home  was  used  to  calculate 
total  residential  property  values.  The  businesses  were  valued  at  an  average 
of  $100,000  each.  The  total  values  of  residential  and  commercial  property 
values  for  Miles  City  were  $200,000,000  and  $170,000,000,  high  and  low, 
respectively. 

The  next  step  was  to  determine  the  extent  of  the  flooding  and  associated 
damage  to  the  structures  for  each  flooding  event.  Based  on  information  in 
the  COE  reports  for  the  levee  system,  the  fairly  level  topography  and  the 
layout  of  the  city,  the  following  percentages  of  extent  of  damages  were 
estimated.  No  damages  were  assumed  to  occur  in  Miles  City  as  long  as  the 
levee  system  held  (less  than  1^^,000  cfs  flowing  in  the  Tongue  River  at  Miles 
City).  This  corresponded  to  a  reservoir  outflow  of  18,000  cfs.  At  a  reservoir 
outflow  of  21,000  cfs  (17,000  cfs  at  Miles  City),  the  levee  system  was 
assumed  to  have  partially  failed  and  60%  of  the  city  was  affected  based  on 
the  COE  reports.  At  reservoir  outflows  of  28,000  cfs,  the  levee  system  was 
expected  to  have  failed  and  80%  of  the  city  was  estimated  to  have  been 
affected.     When  the  reservoir  was  discharging  11 3,000  cfs,  it  was  estimated 
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that  a  maximum  of  95%  of  the  city  was  affected.  With  greater  flovvs,  it  was 
estimated  that  no  more  than  95%  of  the  city  would  be  affected  due  to  the 
geographical  layout  and  topography. 

The  percent  of  damage  was  determined  using  FIA  information,  Flood  Insur- 
ance Rate  Review  -  1985  Depth  Percent  Damage  for  Non-Velocity  Zones. 
This  information  was  computed  based  on  averages  across  the  country.  When 
the  information  was  compared  to  curves  developed  by  the  COE  for  the 
Western  United  States,  Institute  for  Water  Resources,  US  Army  Corps  of 
Engineers,  Worksheets  on  Flood  Damage  and  Depth  of  Flood,  and  for  the  Salt 
River  in  Arizona,  Depth  Damage  Los  Angeles  District,  US  Army  Corps  of 
Engineers  1983  Salt  River  Flood  Plain  Study,  the  general  curves  were  very 
coinparable  and  were  used  in  this  study  lacking  specific  data  for  Miles  City. 
The  percent  of  damage  was  determined  based  on  a  river  stage  producing  an 
average  depth  over  a  percentage  of  the  city.  This  value  was  compared  with 
damages  computed  by  the  COE  in  the  Local  Flood  Protection  Report  and 
found  to  be  reasonable.  Greater  depths  were  experienced  in  the  extreme 
flood  events  than  are  included  in  the  information  developed  by  the  FIA  and  it 
was  necessary  to  extrapolate  the  information.  It  was  assumed  that  some 
residual  value  of  property  reinains  even  if  the  structures  were  destroyed, 
estimated  at  20%. 

Percent  damages  were  estimated  for  'vliles  City  based  on  the  FIA  information 
and  water  depths  taken  from  the  flood  routings:  at  21,000  cfs  outflow  15% 
damage;  at  28,000  cfs  outflow  30%  damage;  at  113,000  cfs  outflow  60% 
damage;  at  368,000  cfs  outflow  the  damage  was  estimated  at  73%',  and  at 
1,120,000  cfs  and  2,168,000  cfs  outflow  the  damage  was  estimated  at  80%. 
Dollar  amounts  were  calculated  by  multiplying  (area  of  city  affected)  by 
(total  value  of  the  city)  by  (percent  damaged).  The  damage  assessment  in- 
cluded the  personal  property  in  the  structures.  The  high  and  low  values  of 
the  maximum  damage  costs  for  Miles  City  were  $152,000,000  and 
$130,000,000,  respectively.  Table  VIII-2  has  the  breakdown  of  the  costs  for 
the  damage  costs  for  Miles  City,  and  all  other  areas  examined,  for  all  flood 
flow  levels  investigated.  Figure  VIII-4  graphically  demonstrates  the  relative 
contribution  of  the  damage  costs  of  Miles  City  to  the  total  damage  costs. 
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TABLE  VIII-2 
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Emergency 

(ID 

(12) 

Reservoir 

Housing 

and 

Lost 

Outflow 

and 

Evacuation 

Business 

lOOO's  cfs 

Hospitals 

Lost  Wages 

Costs 

Income 

Utilities 

1.59 

14.77 

•1.77 

36.53 
(18.87) 

37.56 
(19.07) 


(.39) 


2.1*9 
(.99) 


5.90 
(2.36) 


7.39 
(2.96) 


8.02 
(3.21) 


8.38 
(3.35) 


1. 

,38 

1. 

,38 

1*2 , 

,58 

(2. 

,08) 

12 

.58 

(2, 

.08) 

l^^ 

.20 

(2 

,70) 

1(3 

.96 

(3 

.16) 

1.77 

0 

26.81' 
(23.23) 

1.77 

0 

63.77' 
(55.25) 

7.29 

0 

199.52' 
(139.62) 

10.91 
(9.61) 

0 

211.90' 
(172.39) 

13.6 
(12.36) 

4.0 
(.05) 

302.52* 
(208.93) 

I'Ll 
(13.6) 

1.0 
(.05) 

311.79' 
(219.77) 

Values  are  based  on  high  average  coils. 

Values  in  parenthesis  are  based  on  low  average  costs. 


Note:    Some  values  were  interpolated.    See  text. 
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Ashland  -  Residential  and  Commercial  (2) 

Information  for  Ashland  was  collected  from  a  windshield  survey  and  a 
telephone  survey,  including  the  Rosebud  County  assessors,  the  Rosebud 
County  appraisers,  and  the  Rosebud  County  commissioners. 

The  1980  US  Census  for  Ashland  was  56^-  people.  Assuming  approximately 
three  people  per  family  per  home,  the  population  estimated  was  equivalent  to 
188  homes  and  18  businesses  for  Ashland  based  on  information  provided  by  a 
Rosebud  County  commissioner.  It  was  also  assumed  that  the  average  value  of 
homes  and  business  for  Ashland  was  equivalent  to  Miles  City  ~  $100,000  per 
business  and  a  high  average  of  $53,000  per  home.  The  low  average  value  of 
homes  was  computed  using  $30,000,  to  account  for  the  possibility  that  home 
values  may  be  lower  in  Ashland  than  in  Miles  City  because  Ashland  is  a 
smaller  town.  The  topography  around  Ashland  indicated  a  lower  elevation  by 
the  river  with  the  elevation  rising  rapidly  at  a  distance  from  the  river.  Some 
of  Ashland  is  built  by  the  river,  but  from  USGS  Topographical  maps  it 
appeared  that  the  majority  of  the  town  is  built  on  higher  ground  away  from 
the  river.  Percent  of  damages  was  based  on  the  FIA  depth  damage  informa- 
tion using  depths  from  the  flood  routings.  It  was  estimated  that  no  damages 
would  occur  until  the  reservoir  outflows  reached  11 3,000  cfs.  At  that 
outflow,  it  was  estimated  that  flood  waters  would  affect  the  low  lying  areas 
west  of  town  which  translated  to  an  estimated  10%  of  all  structures  with  20% 
damage.  At  outflows  of  368,000  cfs,  it  was  estimated  that  10%  of  the  city 
would  be  affected  with  a  i4-0%  damage  expected.  At  a  reservoir  outflow  of 
1,120,000  cfs,  it  was  estimated  that  approximately  50%  of  the  town  would 
suffer  damage  with  an  average  of  30%  damage.  At  outflows  of  2,168,000  cfs, 
it  was  estimated  that  the  flood  waters  would  affect  95%  of  the  town  with  an 
average  of  50%  damage.  The  estimated  high  and  low  values  of  the  maximum 
damage  costs  for  Ashland  were  $5,770,000  and  $3,100,000,  respectively.  For 
a  breakdown  of  the  estimated  damage  costs  at  various  flows  refer  to  Table 
VIII-2. 
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St.  Labre  Mission  (3) 

Information  for  St.  Labre  Mission  was  based  on  a  telephone  survey  of  the  St. 
Labre  Parrish,  the  St.  Labre  School,  and  the  Bureau  of  Indian  Affairs, 

The  St.  Labre  Mission  is  on  Northern  Cheyenne  Indian  Reservation  land.  The 
mission  buildings  include  the  church,  rectory  buildings,  a  large  school, 
cafeteria,  homes  for  staff  and  dormitories  for  children  attending  the  school 
as  well  as  parking  facilities,  athletic  fields,  and  storage  sheds.  Based  on 
information  provided  by  the  Bureau  of  Indian  Affairs  (BIA),  the  replacement 
value  of  the  mission  in  1983  was  approximately  $11.^  million.  The  location  of 
the  mission  in  the  river  valley  and  the  fairly  level  topography  is  such  that 
once  flood  waters  exceed  bankfull,  nearly  all  buildings  would  be  expected  to 
be  affected.  At  21,000  cfs  outflow,  the  floodwater  was  modeled  to  exceed 
bankfull  and  would  be  expected  to  affect  all  buildings  at  the  St.  Labre 
Mission  with  an  average  of  13%  damage.  The  percent  of  damage  was 
determined  from  the  FIA  depth-damage  information  and  floodwater  depths 
determined  from  the  flood  routings.  At  outflows  of  28,000  cfs,  the  average 
damage  was  expected  to  be  15%;  at  113,000  cfs  outflow,  the  average  damage 
was  expected  to  be  30%;  at  outflows  of  368,000  cfs,  the  damages  were 
estimated  at  ^2%;  when  outflows  are  1,120,000  cfs,  the  average  damage  was 
expected  to  be  30%;  and  at  outflows  of  2,168,000  cfs,  the  damages  were 
expected  to  be  80%.  The  estimated  maximum  damage  at  St.  Labre  Mission 
is  $9,080,000.  The  detailed  breakdown  of  the  damage  costs  is  contained  in 
Table  VIII-2. 

Birney  -  Residential  and  Commercial  (i|) 

Information  for  Birney  was  developed  from  a  windshield  survey  with  an 
estimated  population  of  90  people.  It  was  estimated  that  there  were  30 
structures  both  commercial  and  residential  with  a  total  estimated  value  of  $1 
million.  The  town  is  located  on  high  ground  on  an  outside  bend  of  the  river. 
These  facts  combined  to  give  the  town  some  flood  protection  and,  therefore, 
no  damages  were  estimated  for  reservoir  outflows  of  28,000  cfs  or  less.    For 
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reservoir  outflows  of  11 3,000  cfs,  it  was  estimated  there  would  be  35% 
damage  to  all  the  buildings;  at  outflows  of  368,000  cfs,  the  damage  was 
estimated  to  be  50%  to  all  buildings;  and  at  outflows  of  1,120,000  cfs  or 
2,168,000  cfs,  it  was  estimated  that  damage  would  be  80%.  The  percentage 
of  damage  is  based  on  PRC  flood  routings  to  determine  an  estimated  depth 
and  the  FIA  depth  damage  information.  The  estimated  maximum  damage 
costs  in  Birney  are  $?,Q0,000  and  the  costs  at  various  other  flows  are 
identified  in  Table  VIII-2. 

Based  on  information  provided  by  the  3IA,  the  Birney  Day  School  is  no  longer 
in  use,  and  it  was  omitted  from  this  study.  It  was  also  recognized  that 
Brandenberg  is  located  in  the  floodplain  and  damages  for  Brandenberg  are 
included  under  rural  damages. 

Roads  and  Bridges  (3) 

Information  regarding  the  roads  and  bridges  was  obtained  by  contacting  the 
Custer  County  Public  Works  Department  and  the  Montana  State  Department 
of  Highways. 

Of  the  13  bridges  in  the  study  area  that  could  be  affected  by  flooding,  three 
connect  major  thoroughfares  and  10  are  smaller  bridges.  Full  replacement  of 
the  bridges  in  the  event  of  complete  damage  was  estimated  at  an  average  of 
$100,000  per  bridge  for  a  total  estimate  of  $1.3  million.  It  was  estimated 
there  would  be  no  damages  at  outflows  of  28,000  cfs  or  less.  At  outflows  of 
113,000  cfs,  it  was  estimated  that  there  would  be  an  average  of  $50,000 
repair  work  for  all  13  bridges.  At  this  flow  range,  it  was  also  estimated  that 
there  could  be  about  12  miles  of  road  requiring  repair  work  estimated  at 
$30,000  per  mile  for  a  total  damage  of  $1.0  million. 

At  outflows  of  368,000  cfs,  it  was  estimated  that  the  three  major  bridges 
could  require  repairs  of  $100,000  each  and  the  remaining  10  could  require  an 
average  of  $50,000  each.  An  estimated  18  miles  of  roads  could  require 
repairs  estimated  at  $60,000  per  mile  and  10  miles  estimated  at  $30,000  per 
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mile.  At  outflows  of  1,120,000  cfs,  all  13  bridges  would  likely  require 
repairs,  averaging  $100,000,  and  road  repairs  could  be  18  miles  at  $60,000  per 
mile  and  11  miles  at  $30,000  per  mile.  VHth  outflows  of  2,168,000  cfs,  the 
damages  were  estimated  to  be  the  same  as  for  the  preceding  case.  Table 
VIII-2  shows  this  information  in  a  tabulated  form. 

Railroads  and  Trucking  (6) 

Miles  City  is  a  major  center  for  transportation  in  the  area.  The  Burlington 
Northern  Railroad  was  contacted  for  information  regarding  its  damage  and 
delay  costs  and  County  Business  Patterns  was  used  to  develop  trucking  costs. 
The  Burlington  Northern  Railroad  (BNRR)  track  goes  over  the  Tongue  River 
on  a  316-foot-long  bridge  with  between  10  and  16  trains  using  the  track  daily, 
a  railcar  maintenance  company  operates  out  of  the  Miles  City  switchyard 
using  the  BNRR  track  to  bring  cars  to  their  business,  and  there  are 
approximately  13  trucking  firms  operating  out  of  Miles  City.  The  railcar 
maintenance  company  was  contacted,  but  no  information  was  available  from 
the  company,  so  a  value  of  the  property  and  business  ranging  from  $2  to  $5 
million  was  estimated.  Damage  percentages,  as  determined  in  Miles  City  for 
the  residential  and  commercial  property,  were  used  to  estimate  approximate 
damage  values  for  the  railcar  maintenance  company.  Damages  to  the 
maintenance  company  equaled  73%  of  the  value  and  total  damages  ranged 
from  2.6^5  to  4.925  million  dollars.  Damages  at  outflows  of  1,120,000  cfs  or 
2,168,000  cfs  are  80%  damage  to  the  railcar  maintenance  company  for  a  total 
cost  of  $2,845  to  $5,425  million.  In  the  event  that  the  BNRR  bridge  was  to 
be  damaged,  costs  of  repairs  to  piers  and  abutments  were  estimated  to  be 
$100,000.  If  the  bridge  were  destroyed,  the  BNRR  reportedly  would  put  up  a 
temporary  bridge  within  10  days  and  replace  it  with  a  permanent  bridge 
afterwards.  Therefore,  delay  costs  were  applied  to  the  time  required  to  build 
the  temporary  bridge.  The  cost  of  both  the  temporary  and  permanent  bridges 
was  counted  in  the  damage  costs. 

The  trucking  industry  was  the  least  affected  due  to  the  anticipated  quick 
reopening  of  roads  in  and  out  of  the  area.     There  were  no  damages  antici- 
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pated  for  outflows  up  to  21,000  cfs.  At  outflows  of  28,000  cfs,  however, 
delay  costs  of  one  day  to  the  businesses  totalling  between  $89,500  and 
$107,500  were  estimated.  At  outflows  of  113,000  cfs,  it  was  estimated  that 
businesses  could  be  affected  for  one  week.  Pier  and  abutment  damage  to  the 
bridge  was  estimated  at  $100,000.  Damages  to  the  railcar  maintenance 
company  was  60%  of  the  assumed  value,  for  a  total  cost  ranging  from  $1,819 
to  $3,565  million.  A  tabulation  of  damage  costs  for  this  area  is  shown  on 
Table  VIII-2. 

Schools  (7) 

The  Unified  School  District,  the  Ashland  School,  and  Jefferson  County 
Schools  Construction  Management,  Colorado  were  contacted  to  develop 
information  regarding  number  and  size  of  schools  in  Miles  City  and  Ashland 
and  the  costs  to  build  schools  of  various  sizes. 

In  Miles  City,  there  are  five  public  grade  schools,  one  private  grade  school, 
one  junior  high  school,  and  one  senior  high  school.  The  only  actual  cost  data 
available  were  for  a  recently  completed  grade  school  in  Miles  City  for 
$1,517,000.  In  the  absence  of  other  data,  the  following  assumptions  were 
made  based  on  information  provided  by  Jefferson  County  Schools  Construc- 
tion Management  in  Colorado:  a  junior  high  school  was  estimated  at  three 
times  the  cost  of  a  grade  school  due  to  its  larger  size  and  additional 
facilities,  and  a  high  school  was  estimated  at  four  times  a  grade  school.  In 
Ashland,  there  is  one  grade  school  and  one  middle  school  and  the  costs  were 
assumed  to  be  the  same  as  the  costs  for  a  grade  school  and  a  junior  high 
school  in  Miles  City.  Extent  of  damages  to  the  schools  were  assumed  to  be 
similar  to  their  respective  cities  as  a  whole.  Costs  of  damages  to  the  school 
at  St.  Labre  Mission  were  discussed  previously.  Refer  to  Table  VIII-2  for  the 
cost  breakdown  in  this  category. 

Hospitals  (8) 

There  are  two  hospitals,  both  located  in  Miles  City,  included  in  this  study  and 
both  were  contacted  for  information.    The  Veterans'  Administration  Hospital 
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(VA)  has  the  following  facilities  located  on  the  first  floor:  kitchen,  clinics, 
canteen,  outpatient  offices,  and  administrative  offices.  The  Holy  Rosary 
Hospital  has  its  computer  room,  x-ray,  physical  therapy,  emergency,  mainte- 
nance, administration  and  personnel  offices,  gift  shop,  and  boiler  rooms  on 
the  first  floor  or  below.  Although  damage  estimates  were  difficult  to  make, 
an  estimated  value  of  the  equipment  was  used  to  estimate  the  following 
damages: 


Outflows 

Damages 

(cfs) 

(million  $) 

0 

0 

IS, 000 

0 

21,000 

0 

28,000 

2 

113,000 

5 

368,000 

8 

1,120,000 

12 

2,168,000 

12 

Temporary  Housing  and  Lost  Wages  (9) 

The  cost  of  lost  wages  and  replacement  housing  was  estimated  for  Miles  City 
and  Ashland.  An  approximate  1984  personal  income  per  capita  of  $3,912  per 
year  was  used  for  both  Ashland  and  Miles  City  based  on  information 
contained  in  the  County  Business  Patterns  for  Montana.  An  average  cost  of 
$25  per  day  per  capita  was  used  for  replacement  housing  based  on  hotel  and 
motel  costs  and  assuming  that  some  people  could  be  housed  by  relatives, 
neighbors,  and  friends  and  some  could  live  in  motels  or  other  government 
provided  temporary  housing.  All  the  estimated  values  assumed  were  averages 
in  spite  of  the  fact  that  some  people  could  experience  disparities  from  the 
averages.  At  outflows  of  21,000  cfs,  60%  of  Miles  City  was  estimated  to  be 
affected.  It  was  further  estimated  that  the  average  loss  of  wages  and 
replacement  housing  would  occur  for  one  week.  No  apparent  damages  were 
estimated  for  Ashland  for  this  outflow.  At  outflows  of  28,000  cfs,  80%  of 
Miles  City  was  estimated  to  be  affected;  loss  of  wages  and  replacement 
housing  was  based  on  an  average  of  one  week  duration,  and  once  again  no 
damages  occurred  in  Ashland.     At   113,000  cfs  outflow,  it  was  assumed  that 
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one  week's  wages  would  be  lost  for  both  Ashland  and  Miles  City  and  that  one 
week  replacement  housing  would  be  required  in  Ashland  and  one  month 
required  for  Miles  City.  At  368,000  cfs  outflow,  the  lost  wages  and 
replacement  housing  were  estimated  to  be  the  same  as  for  the  previous  case. 

At  1,120,000  cfs  outflow,  it  was  estimated  that  two  weeks'  wages  would  be 
lost  in  Miles  City  and  one  week's  wages  in  Ashland.  An  average  of  one  month 
replacement  housing  was  estimated  in  Ashland,  and  in  Miles  City  a  range  of 
three  to  six  months  was  estimated.  At  outflows  of  2,168,000  cfs,  the  same 
figures  were  used  for  Miles  City.  For  Ashland,  the  values  were  estimated  at 
one  week's  lost  wages  and  a  range  of  from  one  to  three  months  replacement 
housing.  Dollar  costs  are  shown  in  Table  VIII-2  for  the  various  flood  flow 
levels. 

Emergency  and  Evacuation  Costs  (10) 

Emergency  services  and  evacuation  costs  were  difficult  to  estimate  because 
of  limited  information  compiled  by  the  State  of  Montana  and  the  COE  and 
were,  therefore,  compiled  only  for  some  areas.  Generally,  it  was  estimated 
that  they  ranged  between  2%  and  5%  of  the  residential  and  commercial 
property  values.  The  value  of  emergency  and  evacuation  costs  were 
determined  by  multiplying  the  2  or  5%  by  the  sum  of  the  residential  and 
commercial  damage  costs  in  Miles  City,  Ashland,  Birney,  and  St.  Labre 
Mission.    The  costs  of  these  services  are  tabulated  in  Table  VIII-2. 

Lost  Business  Income  (11) 

Each  flood  event  causes  economic  losses  to  urban  businesses  in  addition  to 
property  damages  or  damage  to  capital  such  as  structures,  equipment,  and 
inventory.  The  economic  losses  include  wages  lost  for  a  temporary  period, 
and  net  business  income  which  is  either  a  temporary  loss  or  a  loss  for  the  53- 
year  planning  horizon  (remaining  life  of  the  dam  structure)  if  the  businesses 
are  not  recovered  because  of  the  flood.  The  derivation  of  wage  losses  was 
discussed  earlier.  Business  income  losses  which  are  included  in  the  damage 
estimates  are  discussed  at  this  point. 
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Net  business  income  was  derived  from  receipts  and  expenditures  information 
included  in  the  Census  of  Manufactures:  Geographical  ^rea  Series,  Annual 
Survey  of  Manufacturers,  Census  of  Wholesale  Trade,  Census  of  Retail  Trade. 
Census  of  Service  Industries:  Geographic  Areas  Series.  Payroll  information 
from  County  Business  Patterns  and  information  on  establishments,  payroll, 
receipts,  shipment,  materials,  and  intermediate  goods  expenditures  from 
these  secondary  sources  above  were  supplemented  with  information  from  a 
telephone  survey  of  specific  representative  businesses.  The  survey  provided 
information  on  net  incomes  of  average  non-farm  business  establishments  in 
Miles  City  and  Ashland.  Some  information  was  obtained  from  businesses  in 
Billings,  Forsyth,  and  Broadus,  Montana  and  Sheridan,  Wyoming  where  chains, 
franchises,  and  subsidiary  business  connections  were  involved. 

Net  income  was  calculated  as  receipts  net  of  intermediate  goods,  transporta- 
tion, and  payroll  expenditures.  For  the  service  industries,  these  calculations 
were  derived  from  receipts  and  expenditures  per  employee  from  the  census 
information.  The  receipts  were  updated  to  a  1985  base  using  the  Producers 
Price  Index  for  wholesale  goods  and  manufacturers  and  by  the  Consumer 
Price  Index  for  retail  trade  receipts.  Expenditures  were  likewise  updated 
using  the  Producers  Price  Index  for  certain  manufacturers  and  the  Consumer 
Price  Index  was  used  to  update  payroll  expenditures.  These  net  income 
calculations,  for  average  establishments  within  each  type  of  industry  or  trade 
category  (services,  manufacturing,  transportation,  wholesale,  and  retail 
trade,  etc.),  were  then  disaggregated  to  a  weekly  basis  from  an  annual  net 
income  estimate  in  order  to  apply  the  estimated  lost  income  for  the  number 
of  weeks  without  income  incident  to  the  potential  flood  disruption. 

In  general,  all  establishments  were  projected  to  lose  business  income  for  at 
least  one  week,  the  same  period  of  disruption  as  assumed  for  wage  losses. 
Some  establishments,  however,  particularly  wholesale  businesses,  suggested 
in  the  phone  survey  that  their  recovery  period  would  be  quicker  because  the 
wholesale  trade  could  continue  within  hours  of  opening  transportation  routes 
in  from  Billings,  Sheridan,  Helena,  and  Great  Falls,  as  well  as  usual  wholesale 
transactions  coming  from  larger  business  centers  such  as  Denver,  Colorado 
and   Salt    Lake   City,    Utah.      Representative    manufacturing    establishments 
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suggested  it  would  take  upwards  of  two  weeks  to  reestablish  production  lines, 
but  soTie  trade  would  be  covered  by  other  plants  of  the  same  chain  or  other 
subsidiaries.  The  service  industries  would  also  take  up  to  two  weeks  to 
reinitiate  service  to  Miles  City  and  Ashland,  but  again,  services  and  some 
employment  would  come  from  other  plants  or  establishments  in  nearby  trade 
centers.  Motel  services  would  provide  minimum  shelter  services  during  a 
major  flood  event,  but  then  would  have  to  close  for  repair  during  flood 
cleanup. 

Miles  City  is  the  location  for  a  considerable  contract  construction  industry 
which  services  the  region  of  eastern  and  northeastern  Montana.  A  major 
flood  would  cause  disruption  of  such  services  from  the  Miles  City  location  for 
up  to  two  weeks;  however,  some  key  services  from  the  industry  could  be 
provided  by  each  of  the  establishments  from  other  satellite  locations  in  the 
region,  even  though  the  industry  would  not  be  at  full  capacity.  Much  of  the 
contract  construction  would  be  mobilized  for  cleanup  and  construction  in 
later  periods  following  the  major  flood  event,  if  it  were  to  occur. 

Lost  business  income  varied  dramatically  depending  on  the  assumptions  made 
concerning  permanent  loss  of  business.  The  phone  survey  and  discussions  with 
some  industries  suggested  that  there  could  be  a  permanent  loss  of  retail  trade 
establishments.  It  was  hard  to  predict  the  location  of  business,  particularly 
relocation  incident  to  some  hazard  such  as  flooding.  There  was  some 
indication  that  approximately  10%  of  the  retail  establishments  would  suffer 
such  a  large  inventory  loss,  during  a  major  flood  in  Miles  City,  that  recovery 
would  be  in  doubt.  Therefore,  two  estimates  of  lost  business  income  were 
made,  one  without  permanent  loss  for  the  planning  horizon  and  one  including 
the  discounted  loss  of  10  percent  of  the  net  business  income  for  retail 
establishments  over  the  remaining  planning  horizon.  The  lost  business  income 
then  ranged  from  approximately  $l.S  million  to  $^^0.5  million.  The  latter  loss 
assumed  that  approximately  10  percent  of  the  retail  establishments  would  go 
out  of  business,  and  that  the  income  lost  from  such  an  exit  would  not  be 
replaced  for  the  remaining  planning  horizon.  The  incomes  lost  from  these 
businesses  were  discounted  using  the  federal  discount  rate  to  arrive  at  a 
present    value    of    the    lost    income.      This   value   was   relatively   significant 
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compared  to  the  temporary  business  income  projected  to  be  lost  due  to  the 
incidence  of  flooding  in  the  Miles  City  and  Ashland  areas.  Refer  to  Table 
VlII-2  for  a  tabulation  of  lost  business  income. 

Losses  to  Utilities  (12) 

Utilities'  losses  included  electric  power,  natural  gas  lines,  telephone  cable, 
electrical  substations,  water  treatment  and  sewage  system  damages,  repair 
and  temporary  service  costs,  and  repair  of  transmission  lines  in  Miles  City, 
Ashland,  Birney,  and  in  the  path  of  the  flood  in  the  narrow  valley  through 
which  the  Tongue  River  flows.  There  were  also  power  losses  projected  to 
occur  in  Forsyth  and  Broadus,  which  are  communities  located  outside  of  the 
Tongue  River  region  but  they  connected  to  utilities  systems  in  the  valley 
delivered  by  Montana-Dakota  Utilities  and  the  Tongue  River  Rural  Electric 
Association. 

Power  outage  losses  were  estimated  as  the  quantity  of  kilowatts  delivered 
per  day  times  the  average  price  per  kilowatt  times  the  delivery  areas  times 
two  days  disruption.  Added  to  these  losses  were  inventory  losses  estimated 
for  the  period  of  disruption  and  the  cost  of  temporary  services  from  diesel 
generators.  Estiinates  of  damages  to  the  water  treatment  facilities  and 
sewer  works  were  obtained  from  municipal  officials  and  were  checked  with 
COE  damage  information.  Temporary  service  costs  were  added  to  these 
costs.  Then,  utilities  service  delivery  structure  damage  and  repair  costs  were 
accounted  for  each  evacuation  plan  area  of  the  Tongue  River  Dam  Emer- 
gency and  Evacuation  Plan  system  by  interview  with  Montana-Dakota  Utili- 
ties, Mountain  Bell,  and  the  Tongue  River  Electric  Association  and  Range 
Telephone  cooperative.  The  losses  were  between  $^^2,000  for  the  113,000  cfs 
outflow  case,  $1^3,000  for  the  368,000  cfs  case  and  $8^^0,000  for  both  the 
1,120,000  cfs  and  2,170,000  cfs  outflow  cases.  These  estimates  assumed  that 
the  Ashland  electric  substation  would  not  be  completely  replaced  and  that 
scouring  of  the  land  in  the  river  reach  below  Ashland  would  likely  be  much 
less  than  in  the  upper  reaches  of  the  river,  just  below  the  dam.  Damages  for 
each  block  or  reach  of  the  Tongue  River,  as  defined  in  the  Tongue  River  Dam 
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Emergency  Warning  and  Evacuation  Plan,  averages  approximately  $19,000  per 
reach.  Table  VIII-2  contains  the  estimated  losses  for  each  flood  increment 
considered. 

Rural  Damages  (13) 

Damages  in  the  rural  reaches  of  the  Tongue  River  were  mainly  due  to  the 
temporary  cutoff  of  incomes  derived  from  the  production  of  range  livestock 
and  associated  crops  used  for  the  livestock  enterprise  which  pervades  the 
valley  and  surrounding  rangelands.  Damages  for  the  ranch  homes  and  ranch 
headquarters  structures  and  equipment  were  also  estimated.  Additionally, 
estimates  of  the  reduction  of  the  productivity  of  the  cropland  incident  to  the 
major  flood  events  and  the  costs  for  restoring  the  productivity  were  added  to 
the  crop,  livestock,  and  ranch  structure  damages.  Canal  and  ditch  works 
damages  and  cost  of  repair  were  also  included. 

Loss  estimates  for  crop  production  (mainly  used  in  the  livestock  enterprise) 
and  livestock  activities  were  derived  by  using  the  Bureau  of  Reclamation 
budget  information  contained  in  the  Tongue  River  Dam  Study:  Appendix  D, 
Economics.  Budgets  for  estimating  the  benefits  of  new  water  supply  from 
the  Tongue  River  were  developed  by  the  Bureau  for  both  crop  and  livestock 
enterprises  for  the  region.  The  price  information  associated  with  the  budgets 
was  updated  to  1985  to  reflect  the  nearest  entire  year  to  the  dam  safety 
decision  year  (1986).  Updated  production  input  information  and  product  sales 
information  were  included  in  the  revised  budgets. 

Crop  losses  included  losses  due  to  inputs  such  as  seed,  fertilizer,  labor,  and 
machine  work.  They  also  included  the  losses  of  net  crop  income  which 
stopped  temporarily  due  to  the  flood.  The  livestock  income  is  calculated  as 
income  on  a  brood  cow  basis  which  included  the  sales  of  calves,  replaced 
cows  and  bulls,  and  some  yearlings  as  assumed  in  the  budgets  developed. 
Brood  cow  herd  size  varied  on  the  Tongue  River  valley  ranches,  but  exact 
information  on  herd  size  for  all  of  the  ranches  accounted  for  in  the  floodplain 
was   not   available.      Therefore,    similar    to    the    assumption    in    the    Bureau 


VIII-29 


budgets,  a  common  herd  size  was  assumed  as  representative  of  the  livestock 
enterprise  in  the  region.  All  losses  were  derived  from  this  common  livestock 
unit  and,  therefore,  crop  production  unit. 

Since  there  was  no  detailed  report  of  flood  damages  developed  for  the  entire 
Tongue  River  area,  cornposite  flood  damage  loss  percentages  which  have 
previously  been  developed  for  the  western  United  States  by  the  U.S.  Army 
Corps  of  Enginers  were  applied  to  the  net  income,  input  price  levels,  and 
value  of  livestock  units  in  order  to  obtain  estimates  of  crop  and  livestock 
damages.  These  percentages  reflected  depth  of  flood/percent  loss  relation- 
ships for  agricultural  activities.  Therefore,  once  the  depth  of  any  particular 
flood  stage  had  been  calculated,  those  percentages  could  be  applied  to  the 
agricultural  values  developed  from  the  budgets  to  estimate  loss.  Once  it  was 
determined  how  many  livestock  units  were  lost,  i.e.,  brood  cow  units  lost, 
then  using  the  feed  conversion  ratios  of  the  budgets  and  the  amount  of  feed 
needed  as  suggested  by  the  budgets,  the  additional  purchase  of  feeds  (barley 
and  hay)  costs  were  calculated  and  added  to  the  damages.  Losses  varied 
according  to  the  depth  of  flood  at  various  locations.  The  losses  varied  in 
relation  to  the  flood  attenuation  as  modeled  in  the  hydrologic  phase  of  the 
study. 

Ranch  headquarter  structural  damages  and  damages  to  equipment  and  other 
capital  were  also  added  to  the  crop  and  livestock  losses.  Ranch  homes  and 
adjoining  structures,  such  as  garages  and  other  household  buildings,  were 
included.  Depth/damage  relationships  derived  from  the  U.S.  Army  Corps  of 
Engineers  were  applied  to  the  values  of  these  structures  to  derive  damages  at 
the  various  flood  stages  modeled. 

Damages  represented  as  reduced  productivity  of  the  land  due  to  scouring 
were  also  estimated.  The  Bureau  of  Reclamation  land  development  costs,  as 
contained  in  the  Bureau  budgets,  were  used  and  updated  with  information 
from  the  Soil  Conservation  Service  and  Extension  Service  at  Montana  State 
University  to  develop  the  costs  of  redeveloping  the  crop  land  to  replace 
productivity.  The  Soil  Conservation  Service  provided  some  guidance  on  the 
extent  of  scouring. 
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Following  these  estimation  procedures  provided  a  range  of  rural  damages  for 
each  reservoir  outflow  estimate.  The  damages  ranged  from  $1.8  million  for 
the  28,000  cfs  outflow;  $7.3  million  for  an  outflow  of  11 3,000  cfs;  $9.6 
million  for  368,000  cfs;  some  $12. 'f  million  for  outflow  of  1,120,000  cfs;  and 
$13.6  million  for  an  outflow  of  2,170,000  cfs.  Using  information  from 
discussions  with  ranchers  and  the  Montana  Extension  Service,  some  projec- 
tions of  livestock  operations,  which  would  leave  the  industry  as  a  result  of 
extensive  flooding,  were  developed.  This  adverse  effect  of  flooding  was 
particularly  important  in  the  upper  reaches  of  the  Tongue  River  region.  The 
incomes  from  these  lost  operations  would  be  lost  for  the  remaining  planning 
horizon  and,  therefore,  these  losses  were  discounted  by  the  federal  discount 
rate  to  provide  a  present  value  of  the  losses.  These  were  added  to  the  rural 
damage  estimates  and  provide  an  upper  range  of  losses  on  the  ranches  due  to 
flooding  at  the  more  severe  levels.  Therefore,  damages  at  the  368,000  cfs 
outflow  level  ranged  up  to  $10.9  million  assuming  losses  of  some  ranches; 
$13.6  million  for  the  1,120,000  cfs  outflow  and  $lt^A  million  for  the 
2,170,000  cfs  outflow.   Losses  for  all  flood  levels  are  shown  in  Table  VIII-2. 

Lost  Project  Benefits  (14) 

In  addition  to  property  damages,  loss  of  reservoir  benefits  were  also  included 
in  the  damage  estimates.  Reservoir  benefits  would  be  lost  for  a  particular 
period  of  time  following  the  failure  of  a  dam  structure.  This  period  depends 
on  an  estimate  of  the  rebuilding  horizon  and  the  decision  to  rebuild  the  dam 
structure  and  continue  operation  of  the  impoundment.  The  loss  of  such 
benefits  may  be  viewed  on  the  basis  that  they  are  lost  permanently  (over  the 
economic  life  of  the  structure),  or  on  the  basis  that  the  structure  will  be 
repaired  or  rebuilt.  If  the  structure  is  to  be  repaired,  the  cost  of  repair  is  to 
be  included  in  the  risk  cost. 

For  this  particular  impoundment,  the  benefits  of  the  project  consist  of 
recreation  use  of  the  reservoir  and  the  irrigation  water  delivered  to  the 
Tongue  River  Water  Users  Association  and  the  Northern  Cheyenne  Tribe. 
The  recreation  benefits  were  in  the  form  of  user  days  on  the  reservoir  and 
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can  be  valued  (following  the  Water  Resources  Council  Principles  and  Guide- 
lines) by  one  of  three  valuation  methods  depending  on  the  recreation  resource 
information  available,  and  v^/hether  or  not  valuation  studies  had  been  done 
which  included  the  particular  impoundment  of  interest.  The  three  methods 
included  the  travel  cost  method  of  valuing  instream  uses  of  water  projects; 
the  contingent  valuation  survey  method  (sometimes  referred  to  as  the  bidding 
game  method  of  imputing  willingness  to  pay);  and  the  unit  day  value  method. 
Because  detailed  travel  costs  and  contingent  valuation  studies  which  partic- 
ularly identified  the  recreation  experience  on  the  Tongue  River  reservoir 
were  unavailable,  the  Principles  and  Guidelines  unit  value  day  method  was 
used  to  sketch  the  instreain  valuation  of  the  user  days  enumerated  at  the 
reservoir  by  the  Montana  Department  of  Fish,  Wildlife  and  Parks.  This  same 
department  completed  9^2  interviews  of  sport  fishermen  in  1983  which  were 
appropriately  used  for  valuing  the  sport  fishing  activity  by  the  travel  cost 
method,  but  there  was  not  enough  information  to  detail  the  Tongue  River 
recreation  potential  to  be  useful  in  this  estimation  exercise. 

The  general  recreation  guidelines  for  assigning  recreation  experience  points 
(from  the  Principles  and  Guidelines)  was  used  to  assign  the  points  per  user 
day  for  the  Tongue  River  recreation  type.  Then  a  unit  day  value  was  derived 
from  the  points/value  table  and  updated  using  the  Consumer  Price  Index  to  a 
1985  value.  This  value  was  then  applied  to  the  number  of  user  days  to  arrive 
at  an  annual  value  of  the  instream  use  on  the  reservoir.  This  value  provided  a 
stream  of  recreation  benefits  for  the  period  of  time  between  dam  failure  and 
repair  which  was  discounted  to  present  value. 

The  contractually  stored  irrigation  water  {W,QOQ  acre  feet)  was  valued  using 
two  methods.  One  method  provided  a  low  estimate  of  the  value  of  the  water 
in  use,  and  the  other  provided  an  imputed  value  in  use  which  reflected  the 
marginal  contribution  of  the  irrigation  water  in  agricultural  use.  The  latter 
was  imputed  by  using  the  updated  income  values  for  crop  and  livestock 
production  provided  by  the  Bureau  of  Reclamation  budgets.  The  low  value  of 
the  water  was  calculated  by  applying  the  Tongue  River  Water  Users  Associa- 
tion repayment  rate  per  acre  foot  for  the  original  delivery  of  the  water  from 
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the  Tongue  River  Project  ($1.30  per  acre  foot).  The  higher  value  ($17.85  per 
acre  foot),  which  reflected  the  marginal  value  of  the  water  in  current  use, 
was  calculated  using  an  updating  of  the  Bureau  budgets. 

The  estimated  recreation  value  and  the  irrigation  value  of  the  ^vater  from  the 
project  were  added  to  provide  an  estimate  of  lost  project  benefits  should  the 
dam  fail.  The  range  of  lost  project  benefits  was  from  $658,000  to 
approximately  $^^,000,000  depending  on  the  particular  value  that  was  used  to 
value  the  irrigation  water. 

Dam  Replacement  Costs 

The  cost  to  rebuild  the  dam  was  also  a  factor  in  the  damage  assessment.  The 
decision  to  rebuild  is  not  a  foregone  conclusion  although  it  was  included  in 
the  damage  function  as  a  risk  cost.  The  damages  of  lost  project  benefits, 
rural  damages,  and  lost  business  income  were  developed  based  on  the 
assumption  that  the  dam  would  be  rebuilt  after  seven  years.  The  damages 
were  based  on  outflow  from  the  dam,  and  because  the  dam  would  fail  at 
different  outflows  for  each  of  the  alternatives,  the  damage  cost  to  rebuild 
the  dam  was  handled  as  a  separate  calculation.  This  also  facilitated 
understanding  its  contribution  to  the  risk  cost.  DNRC  estimates  that  it 
would  cost  150  million  dollars  to  rebuild  the  dam. 

Summary  of  Damage  Assessment 

The  breakdown  of  damage  estimate  costs  for  each  defined  area  is  summar- 
ized in  Table  VIII-2.  In  some  areas  it  was  very  difficult  to  define  the  damage 
costs  and  therefore  a  low  damage  cost  (shown  in  parentheses)  and  a  high 
damage  cost  were  computed.  The  totals  shown  on  Table  VIII-2  were  then 
used  as  the  low  and  intermediate  damage  assessment  estimates  in  Table  VIII- 
3. 
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TABLE  Vin-3 


TONGUE  RIVER  DAM 
DAMAGE  ASSESSMENT  ESTIMATES 


Reservoir  Outflow 
(lOOO's  cts) 

0 

18 

21 

28 

113 

368 

1,120 

2,168 


Damaj 

,o^  in  Millions  of  Dollars 

Intermediate 

Low 

HiRh 

0 

0 

0 

0 

0 

0 

23.23 

26. SI 

3H.%5 

55.25 

63.77 

82.90 

139.62 

199.52 

259.38 

176.39 

2'*1.90 

31f.'*7 

208.93 

302. t8 

393.22 

218.81 

315.33 

1*09.93 

Low  values  are  based  on  low  average  damage  costs, 
intermediate  values  are  based  on  high  average  damage  costs. 


■   ^^o   nf   the   Teton   Dam    failure    in    1976   was 
Information   from    the   experience   of   the    leton 

iniormaxio  Reclamation  and  a  high 

investigated  through  contact  with  the  US  Bureau  ot 
damage   assessment  estimate   was  developed  (see  Table  Vin-3        Curv 
peaU  outflow  at  the  dam  versus  downstream  damages  -"g  the  iow         er 
Ldiate,  and  high  values  of  Table  Vm-3  were  then  developed  and  are 
in  Figure  Vin-5. 
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D.        Threat  to  Life 

Another  important  aspect  in  assessing  the  consequences  of  dam  failure  is  the 
assessment  of  the  threat  to  life. 

The  threat  to  life  was  described  by  estimating  the  populations  at  risk  (PAR)  in 
reaches  downstream  of  the  Tongue  River  dam  and  the  likelihood  of  life  loss  in  a 
failure  event  referred  to  as  the  exposure  probabilities.  Five  steps  were  taken  to 
characterize  the  potential  loss  of  life  due  to  dam  failure. 

First,  the  hydrological  events  were  modeled  and  the  flood  attenuated  for  each 
event  from  the  dam  past  each  important  population  center  of  the  Tongue  River  to 
Miles  City.  Flood  depths  were  estimated  for  each  event  for  each  reach.  The 
population  and  conditions  of  exposure  to  the  floods  were  estimated  using  the  1980 
Census  of  Population,  updated  using  telephone  survey  information  from  people  and 
agencies  familiar  with  the  population  base  and  the  communities  exposed  to 
potential  flood  events.  Six  exposure  areas  were  identified  downstream  of  the  dam. 
The  first,  a  short  distance  below  the  dam,  included  11  residences  in  the  direct  path 
of  flooding  which  would  take  place  by  overtopping  of  the  dam  or  severe  land 
scouring  from  failure  of  the  spillway.  The  second  was  the  small  community  of 
Birney  and  the  area  known  as  the  Birney  Day  School.  The  third  was  the  rural  area 
between  Birney  and  the  town  of  Ashland.  The  fourth  were  the  towns  of  Ashland 
and  St.  Labre  Mission.  The  fifth  was  the  rural  population  located  between  the  St. 
Labre  Mission  and  Miles  City  and  the  sixth  and  largest  was  Miles  City. 

The  second  step  was  to  investigate  the  warning  time  that  each  population  at  risk 
(PAR)  would  have  under  hydrologically,  seismically,  and  statically  induced  failures. 
Advanced  warning  significantly  affects  the  magnitude  of  the  threat  to  life. 
Considering  the  warning  system,  as  outlined  in  the  Tongue  River  Dam  Emergency 
Warning  and  Evacuation  Plan,  and  discussions  about  the  warning  system  with 
Disaster  and  Emergency  Services  at  both  the  state  and  county  levels,  it  was 
estimated  that  areas  between  Birney  and  Miles  City  would  have  at  least  one  and 
one-half  hours  of  warning  time  for  evacuation  in  case  of  a  hydrologic  event.  The 
warning  time  for  the  reaches  just  below  the  dam,  and  in  the  town  of  Birney,  would 
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also  be  approximately  one  and  one-half  hours  for  hydrologic  events;  but  because 
evacuation  routes  from  the  ranches  just  below  the  dam  could  be  partially  damaged 
at  high  flood  stages,  the  evacuation  process  could  be  delayed. 

Although  the  probability  of  a  Tongue  River  Dam  failure,  due  to  a  seismic  or  static 
loading  event,  is  much  less  than  for  hydrologic  events,  the  vv'arning  time  in  the 
upper  reaches  below  the  dam  was  estimated  to  be  somewhat  less  than  one  and  one- 
half  hour  for  failures  due  to  seismic  or  static  events.  Therefore,  the  exposure  of 
the  PAR  is  higher  for  these  events. 

The  third  step  in  investigating  the  potential  threat  to  life  was  to  estimate  the 
exposure  probabilities  as  a  function  of  warning  time.  There  are  two  methods 
currently  available  for  estimating  these  probabilities.  One  method  is  to  use  the 
historical  relationships  developed  by  the  Bureau  of  Reclamation  (Guidelines  to 
Decision  Analysis,  Technical  Memorandum  No.  7)  whereby  loss  of  life  for  historical 
floods  is  related  to  warning  time  and  population  at  risk.  Two  equations  were 
estimated  using  the  historical  flood-loss  of  life  data  base  developed  by  the  Bureau 
and  distinguished  by  the  warning  time  being  less  than  1.5  hours  and  greater  than  1,5 
hours  warning.  The  data  base  used  to  estimate  the  relationships  included  mostly 
rural  or  small  communities,  the  largest  populations  being  23,000  and  58,000. 

The  other  method  that  can  be  used  is  the  U.S.  Army  Corps  of  Engineers  Institute 
for  Water  Resources  method  which  is  a  modification  of  the  Federal  Emergency 
Management  Administration  method  for  rural  areas.  This  method  has  been  adapted 
to  more  urban  floodplains.  The  proportion  of  remaining  threatened  population  of 
the  total  PAR  is  related  to  warning  time.  The  loss  of  life  per  event  is  estimated 
from  the  remaining  threatened  population  by  relating  the  probability  of  loss  of  life 
to  depth  of  inundation.  These  probabilities  are  more  representative  of  an  open  and 
relatively  flat  floodplain,  commonly  found  in  large  urban  areas.  If  conditions  are 
such  that  there  are  alternative  evacuation  routes,  (i.e.,  several  community  streets 
leading  to  a  few  major  freeways),  then  curves  of  threatened  population  remaining 
after  the  initial  flood  event  occurrence  can  be  developed.  The  curves  relate 
remaining  population  exposed  to  hours  after  the  event  and  evacuation  route 
configuration.     This  method  was  not  particularly  applicable  to  the  rather  narrow 
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Tongue  River  Valley  and  the  evacuation  routes  and  plan  which  exist  for  this  region. 
Therefore,  the  Bureau's  historical  relationships  were  used  with  some  modifications 
for  population  exposure  and  evacuation  potential  existing  in  the  region. 

The  fourth  step  was  an  investigation  of  the  site-specific  information  on  the 
exposure  of  the  PAR.  The  information  used  was  the  same  as  that  obtained  to 
estimate  property  damages  since  property  exposure  and  populations  associated  with 
these  blocks  of  property  in  the  valley  were  associated.  The  PAR  exposure 
conditions  were  delineated  for  seven  reaches  of  the  Tongue  River  floodplain. 
Those  reaches  included  the  area  just  below  the  dam,  the  community  of  Birney,  the 
rural  reach  from  Birney  to  Ashland,  Ashland,  St.  Labre  Mission,  the  rural  reach 
from  the  mission  to  the  outskirts  of  Miles  City,  and  Miles  City.  The  exposure  for 
the  first  two  homes  just  below  the  dam  and  the  remaining  nine  residences  (ranch 
headquarters)  were  all  estimated  to  have  about  the  same  exposure  conditions. 
There  was  a  dav,  night,  and  weekend  exposure  differentiation  made  for  the  St. 
Labre  Mission  and  school,  since  only  small  proportions  of  the  population  would 
likely  be  at  the  mission  or  the  school  on  the  weekend.  Also,  several  students  and 
staff  usually  return  to  other  communities  outside  the  floodplain  at  night. 

It  was  assumed  that,  on  the  average,  there  would  be  three  persons  per  household  in 
the  floodplain.  Using  this  assumption,  time-weighted  PAR's  were  estimated  for 
each  of  the  seven  river  reaches  from  the  dam  through  Miles  City.  The  estimated 
PAR'S  were  Ik  from  the  dam  to  Birney,  90  in  Birney,  k5  between  Birney  and 
Ashland,  56'f  in  Ashland,  112  associated  with  the  school  at  St.  Labre,  and  lif6 
associated  with  the  Mission  at  St.  Labre.  Then  the  population  at  risk  is  estimated 
at  127  for  the  reach  between  the  mission  and  Miles  City  and  9,602  in  Miles  City. 

The  fifth  step  was  to  relate  the  estimated  exposure  probabilities  for  each  reach 
using  the  Bureau  of  Reclamation  method.  The  estimated  PAR's  and  exposure 
probabilities  were  then  aggregated  into  two  general  exposure  regions  of  the  valley 
from  the  dam  through  Birney  and  the  reach  from  Birney  through  Miles  City.  The 
exposure  probability  for  the  upper  reach  reflected  a  weighted  average  probability 
of  life  loss  exposure  considering  1.5  hours  of  warning  time  for  the  hydrologically 
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induced  failures  and  less  than  1.5  hours  of  warning  for  the  seismically  and 
statically  induced  failures.  For  the  lower  reach  the  exposure  probability  reflected 
the  1.5  hours  of  warning  time.  The  exposure  probabilities,  Column  (IS)  (Table  IX-1) 
on  the  spreadsheet  were  estimated  as  follows: 

Exposure  Probability 


Hydrologic 
Population  at  Risk  Failure  Seismic  and  Static  Failure 

Dam  -  Birney  0.075  0.1500 

Below  Birney  0.0002  0.0002 

The  potential  life  loss  per  event  for  the  hydrologically  induced  failure  over  all 
regions  of  the  floodplain  was  estimated  to  be  11  lives.  The  potential  life  loss  per 
event  for  the  seismically  and  statically  induced  failures  is  approximately  double 
that  for  a  hydrologically  induced  failure.  The  pathway  probability  (product  of  the 
event,  response,  and  outcome  probabilities)  provided  an  estimate  of  the  annual 
probability  of  the  life  loss  event  occurring.  For  the  existing  Tongue  River  Dam, 
the  annual  likelihood  of  these  life  loss  events  occurring  are  1  in  270,  1  in  1,000,000 
and  1  in  19,100  for  hydrologically,  seismically,  and  statically  induced  failures, 
respectively. 
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IX.     RISK  ASSESSMENT  CdVlPUTATIONS 

A.  Introduction 

Estimates  of  risk  costs  and  probability  of  life  loss  were  'nade  for  each  Alternative 

B,  C,  D,  E  to  compare  the  risk  associated  with  the  Tongue  River  Dam  under  the 
existing  conditions  (Alternative  A)  and  to  estimate  the  risk  reduction  expected 
from  each  rehabilitation  alternative.  Descriptions  of  the  five  alternatives  are 
presented  in  Section  VII.  The  calculation  of  risk  costs  required  estimates  of  the 
probabilities  of  occurrence  of  the  various  failure  modes  and  the  consequences 
associated  with  each  failure  mode. 

The  following  steps  were  involved  in  the  risk  assessment  and  in  the  total  risk  cost 
computations: 

1.  Risk   identification    which   included    determination   of    the    range  of   loading 
conditions,  types  of  system  response,  and  types  of  outcome. 

2.  Estimation  of  the  probability  and  consequence  components  of  risk  and  the 
exposure  probability  of  the  population  at  risk. 

3.  Establishment  of  the  risk  cost  and  life  loss  associated  with  each  failure  mode 
over  the  range  of  potential  loadings. 

't.        Quantification  of  total  risk  costs. 

Detailed  discussions  of  Steps  1  through  3  above  were  presented  in  preceding 
sections  of  this  report.  In  the  following  paragraphs,  the  risk  analysis  computations 
are  discussed,  including  details  of  the  risk  assessment  model,  computational  proce- 
dures, and  results  of  the  computation. 

B.        Risk  Assessment  Model 

In  order  to  facilitate  the  computation,  a  risk  model  (see  Figure  VII-1)  was 
developed  for  the  Tongue  River  Dam  and  reproduced  in  the  computer  using  the 
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Lotus  1-2-3  electronic  spreadsheet.  The  risk  assessment  spreadsheets  for  all  the 
alternatives  are  included  in  Appendix  B.  Example  Tables  IX-1  through  IX-ID  are 
grouped  at  the  end  of  this  section  for  explaining  the  computation  steps. 

The  computations  as  they  appear  in  the  tables  are  presented  under  the  following 
major  headings: 

o  Loading 

o  System  Response 

o  Outcome 

o  Economic  Damage 

o  Threat  to  Life 

These  headings  also  have  subheadings  associated  with  each  and  are  explained  in  the 
following  outline: 

Loading 

A.  Event    Type:       Risk    identification    is    the    first    step    in    risk    assessment. 

Furthermore,  the  assignment  of  event  type  and  ranges  of  loading  are  the  first  task 
in  the  risk  identification  process.  Four  types  of  loading  events  were  considered  in 
this  study:  1)  spring  floods,  2)  summer  floods,  3)  seismic  and,  ^)  static.  Detailed 
discussions  on  these  loadings  are  presented  in  Section  V  -  Loadings.  The  hydrologic 
events  were  further  broken  down  into  11  ranges  under  Column  (1)  for  both  the 
spring  and  summer  flood  events. 

The  seismic  events  were  grouped  into  two  categories  based  on  magnitude  of 
earthquake.    The  ranges  are  from  MO  -  5.5  and  greater  than  M5.5. 

The  static  events  were  divided  into  five  types  according  to  the  following  failure 
modes  which  were  assumed  to  be  independent: 

1.  Foundation  failure. 

2.  Failure  due  to  piping  not  associated  with  the  outlet  works. 
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3.        Failure  of  embankment  slope  due  to  deformation. 

^.        Failure  due  to  piping  associated  with  the  outlet  works. 

5.        Failure  due  to  landslide  into  the  reservoir. 

B.  Event   Probability.     The  calculation  of  risk  cost  requires  estimates  of  the 

annual  probabilities  of  occurrence   associated   with   the   loading  conditions.      The 
event  probabilities  are  shown  under  Column  (2)  in  the  spreadsheet. 

System  Response 

Response  type  (failure  mode)  is  shown  in  Column  (3)  of  the  spreadsheet. 

For  each  hydrologic  event,  the  following  system  responses  were  considered: 

o  No  failure  and  partial  failure. 

o  Spillway  crest  failure. 

o  Tailrace  channel  erosion. 

o  Piping  through  clinker. 

o  Overtopping. 

The  following  system  responses  were  considered  for  seismic  events: 

o  No    failure  and  partial  failure. 

o  Reservoir  landslide. 

o  Foundation  liquefaction. 

o  Embankment  deformation. 

o  Core  cracking  and  piping  through  core. 

o  Rupture  of  the  outlet  works. 
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System  responses  associated  with  static  loadings  were: 

o  No  failure  and  partial  failure. 

o  Embankment  deformation  due  to  foundation  failure. 

o  Piping  through  embankment. 

0  Embankment  deformation  due  to  slope  failure. 

0  Outlet  gate  failure  due  to  piping  through  outlet  works. 

o  Seiche. 

The  response  probabilities  are  conditional  probabilities,  associated  with  each  of  the 
response  types  discussed  in  the  above  paragraph,  which  were  presented  in 
Section  VII.  Values  presented  in  that  section  were  entered  in  Column  W  of  the 
spreadsheet.  The  determination  of  the  response  probability  was  based  on  the 
conditions  of  the  dam  and  reservoir  system,  considering  the  applied  loading 
conditions  for  each  rehabilitation  alternative  analyzed. 

Outcome 

A.  Outcome  Type.  The  outcomes  associated  with  each  system  response  were 
no  failure,  partial  failure  which  involves  damages  to  the  structure  but  no  release  of 
the  reservoir  contents,  and  total  failure  which  is  the  release  of  the  reservoir 
contents.  Shown  below  are  the  total  failure  outcome  types  associated  with  each 
system  response  for  hydrologic  events: 

Response  Type  Outcome  Type 

Spillway  Crest  Damage  Failure  of  Spillway  and  Dam  Breach 

Tailrace  Erosion  Failure  of  Stilling  Basin  and  Dam  Breach 

Piping  through  Clinker  Failure  of  Spillway  and  Dam  Breach 

Overtopping  Dam  Breach  by  Erosion 

These  outcomes  are  shown  under  Column  (5)  in  the  spreadsheet. 
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Dam  breach  was  considered  the  only  failure  outcome  related  to  seismic  and  static 
loadings.  In  entering  the  outcomes  on  the  spreadsheet,  the  no  failure  and  pa'-tia! 
failure  outcomes  were  lumped  together  and  shown  in  the  first  row  of  each  loading 
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B.  Reservoir  Stage.  The  inflow  hydrograph  for  each  hydrologic  loading  Column 
(6)  was  routed  through  the  reservoir/spillway  system.  The  maximum  reservoir 
surface  elevation  during  the  passage  of  the  inflow  flood  is  the  reservoir  stage 
shown  on  the  spreadsheet  under  Column  (6).  The  spillway  crest  elevation  was 
assumed  as  the  reservoir  stage  when  dam  failure  occurs  for  seismic  and  static 
events.  This  is  consistent  with  current  USBR  practices  and  will  be  conservative  if 
the  actual  reservoir  stage  is  below  the  spillway  crest. 

C.  Outcome  Probability:  Outcome  probability  is  a  conditional  probability  of 
the  failure  outcome  (release  of  the  reservoir  contents)  given  that  a  failure  mode 
occurs.  The  likelihood  of  an  outcome  is  dependent  on  the  level  of  the  system 
response.  Values  for  the  outcome  probability  are  entered  into  Column  (7)  of  the 
spreadsheet.  The  event  probability,  response  probability,  and  the  outcome  proba- 
bility for  each  failure  mode  were  used  in  calculating  the  pathway  probability  for 
each  failure  mode. 

D.  Breach  Peak  Flow.  Shown  under  Column  (8)  in  the  spreadsheet,  the  breach 
peak  flow  is  the  peak  discharge  related  to  the  dam  break  occurring  when  the 
reservoir  water  surface  is  at  the  maximum  (reservoir  stage.  Column  (6)  )  for  the 
loading  being  considered.  The  breach  peak  flow  was  used  in  determining  economic 
damage  which  is  presented  in  Section  VIII  -  Damage  Assessment. 

E.  Pathway  Probability.  Pathway  probability,  as  shown  in  Column  (9)  of  the 
spreadsheet,  is  the  product  of  the  event  probability,  the  response  probability,  and 
the  outcome  probability.  It  was  used  in  conjunction  with  the  economic  damage  per 
event  (Column  (10)  )  to  calculate  the  annual  risk  cost. 
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Economic  Damage 

A.  Economic  Damage  per  Event.  Economic  damage  per  event,  expressed  in 
millions  of  dollars  per  year,  was  presented  in  detail  in  Section  VIII  -Damage 
Assessment  and  is  shown  in  Column  (10)  of  the  spreadsheet.  The  value  of  economic 
damage  per  event  was  determined  by  using  the  breach  peak  flow  value  shown  in 
Column  (8)  and  the  damage  outflow  relationship  developed  in  Section  VIII, 

B.  Annual  Risk  Costs.  Shown  under  Columns  (11  through  14)  are  the  annual  risk 
costs  associated  with  a  specific  system  response  under  a  given  loading  condition. 
The  sum  of  annual  risk  costs  is  shown  in  Column  (15)  which  represents  the  annual 
risk  cost  for  the  loading  event  shown  in  Column  (1). 

C.  Total  Annual  Risk  Cost.  Annual  risk  costs  for  the  hydrologic,  seismic,  and 
static  events  are  added  to  obtain  the  total  annual  risk  cost  for  the  alternative 
being  considered. 

Threat  to  Life 

To  estimate  the  threat  to  life  in  the  risk  assessment,  it  was  first  necessary  to 
identify  the  downstream  reaches  where  the  population  would  be  threatened  by  the 
flooding,  resulting  from  failure  of  the  dam  associated  with  each  loading  event.  The 
number  of  people  exposed  to  the  risk  was  determined  and  the  exposure  probability 
for  the  population  at  risk  was  also  estimated. 

For  this  study,  two  river  reaches  were  identified  where  population  would  be  at  risk 
to  flooding  in  the  event  of  a  dam  failure.  These  reaches,  from  Tongue  River  Dam 
to  Birney  and  the  reach  below  Birney  through  Miles  City,  are  identified  in  Column 
(16).  The  number  of  people  at  risk  was  estiinated  to  be  ll'f  and  10,032  for  reaches 
from  the  dam  to  Birney  and  below  Birney,  respectively,  and  entered  in  Column  (17). 

Exposure  probabilities  are  shown  in  Column  (18)  on  the  spreadsheet. 
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The  estimated  loss  of  life  per  loading  event,  Column  (19)  of  the  spreadsheet,  was 
calculated  by  multiplying  the  number  of  people  at  risk  by  the  exposure  probability. 

Computational  Procedures 

As  stated  previously,  the  risk  cost  analysis  was  performed  using  the  risk  model. 
Total  annual  risk  cost  was  computed  for  each  alternative.  Detailed  descriptions  of 
alternatives  are  presented  in  Section  VII  -  Alternatives  Considered. 

The  following  parameters  were  required  as  inputs  to  the  risk  model:  event  type, 
event  probability,  response  type,  response  probability,  outcome  type,  reservoir 
stage,  outcome  probability,  breach  peak  flow,  economic  damage  per  event, 
population  at  risk  (location  and  number  of  people),  and  exposure  probability. 

The  following  estimates  were  computed  within  the  Lotus  1-2-3  program:  pathway 
probability,  annual  risk  cost,  and  loss  of  life  per  event.  The  computations  were 
made  with  the  following  equations: 

o  Pathway    Probability    =    Event    Probability    x    Response    Probability    x 

Outcome  Probability 

o  Annual    Risk    Cost    =    Pathway    Probability    x    Economic    Damage    Per 

Event 

o         Loss  of  Life  Per  Event    =    Exposure  Probability  x  Population  at  Risk 

Total  Annual  Risk  Cost  Per  Event  is  the  sum  of  Annual  Risk  Costs  associated  with 
all  responses  for  the  loading  event  being  considered. 

Annual  risk  cost  for  dam  replacement  was  equal  to  the  sum  of  the  pathway 
probabilities  multiplied  by  the  replacement  cost  of  the  dam.  The  replacement  cost 
for  the  dam  was  estimated  by  DNRC  to  be  150  million  dollars. 
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The  annual  risk  cost  for  an  alternative  is  the  sum  of  all  annual  risk  costs  associated 
with  each  individual  loading  event  applicable  to  the  alternative  plus  the  annual  risk 
cost  for  replacing  the  dam.  This  sum  is  shown  at  the  end  of  the  computation  sheet 
for  static  events  (Table  IX-ID). 

Results  of  Computation 

\s  explained  earlier,  the  tables  used  as  examples  for  describing  the  Lotus  1-2-3 
spreadsheets  were  the  actual  results  for  Alternative  A.  Risk  costs  and  probability 
of  life  loss  were  also  computed  using  the  Lotus  1-2-3  spreadsheet  risk  model  for 
Alternatives  B,  C,  D,  and  E.  Results  of  the  computations  for  all  five  alternatives 
for  annual  risk  cost  and  loss  of  life  probabilities  are  summarized  in  Table  lX-2  at  the 
back  of  this  section  and  detailed  computations  for  each  alternative  are  contained  in 
Appendix  B.  The  pathway  probabilities  for  hydrologic,  seismic,  static,  and  all  events 
combined  are  also  equivalent  to  the  loss-of-life  probabilities  for  each  category. 
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DISCUSSION 


A.  Background 

The  economic  evaluations  made  of  Alternatives  \  through  E  were  based  on  the 
recommendations  and  procedures  set  forth  in  the  Water  Resources  Council 
Principles  and  Guidelines  for  Water  Resource  Planning  and  in  the  Bureau  of 
Reclamation's  Technical  Memorandum  Mo.  7  Guidelines  to  Decision  Analysis. 
Alternative  A  is  the  dam  failure  case,  "Existing  Darn,"  to  which  each  modification 
alternative  (B,  C,  D,  and  E)  was  coinpared.  The  estimated  annualized  risk  cost  of 
each  modification  alternative  is  deducted  from  the  estimated  risk  cost  associated 
with  dam  failure-Existing  Dam  (Alternative  A)  to  obtain  an  estimate  of  reduced 
risk  cost  which  is  the  estimated  benefit  induced  by  each  modification  alternative. 
Total  annual  cost  (annual  risk  cost  plus  annualized  construction  cost)  and  the 
benefit  to  cost  (3/C)  ratios  were  computed  for  each  alternative.  The  B/C  ratios 
were  compared  to  characterize  the  economic  efficiency  of  the  alternatives.  In 
addition,  the  economic  evaluation  compares  the  reduction  of  expected  damages 
with  the  cost  of  achieving  the  reduction  offered  by  each  risk  modification 
alternative.  The  annual  risk  costs  due  to  natural  flows  were  computed  to  be 
$296,000  (Table  IX-2).  The  natural  flow  risk  costs  were  computed  because  there  is 
no  flood  control  designated  in  the  project  and,  therefore,  it  was  necessary  to 
quantify  and  isolate  the  fixed  costs  allocated  to  the  natural  flows. 

B.  Alternative  A  -  Existing  Dam 

There  were  significant  incremental  damages  due  to  dam  failure  for  Alternative  A  - 
Existing  Dam.  The  annual  risk  cost  was  $1,610,000,  there  were  no  construction 
costs,  and  the  total  annual  cost  for  Alternative  A  was  $1,610,000.  Other 
considerations  regarding  this  alternative  were  that  the  potential  for  loss  of  life  is 
highest  of  all  studied  alternatives,  the  structure  would  not  meet  current  federal 
dam  safety  guidelines,  and  the  dam  is  estimated  to  safely  pass  only  approximately 
5%  of  the  current  PMF. 
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C.  Alternative  B  -  Spillway  Capacity  382,000  cfs  (100^^6  PMF) 

The  incre'Tiental  damages  due  to  Alternative  B  -  Spillway  Capacity  382,000  cfs 
(100%  PVIF)  were  relatively  low  compared  to  Alternative  A  (Existing  Dam).  The 
annual  risk  cost  was  $25,000,  the  construction  costs  were  estimated  at 
approximately  $115,000,000  or  $10,300,000  on  an  annualized  basis.  The  total 
annual  cost  (annual  risk  cost  plus  annualized  construction  cost)  for  Alternative  B 
svas  $10,325,000.  Alternative  B  is  estimated  to  reduce  the  annual  risk  cost  by 
$1,580,000  compared  to  Alternative  A  which  yielded  a  benefit  to  cost  ratio  of  0.15 
(reduction  in  annual  risk  compared  to  Alternative  A  is  defined  as  the  benefit). 
Other  considerations  were  that  the  potential  for  loss  of  life  is  lowest  for  this 
alternative,  the  structure  would  meet  current  federal  guidelines  for  darn  safety, 
and  the  dam  would  be  designed  to  safely  pass  100%  of  the  PMF. 

D.  Alternative  C  -  Spillway  Capacity  103,400  cfs  (27%  PMF) 

Alternative  C  also  produced  a  significant  reduction  of  incremental  damages  com- 
pared to  -Mternative  A.  The  annual  risk  cost  of  Alternative  C  was  $70,000  and  the 
construction  costs  were  estimated  at  $51,000,000  with  an  annualized  construction 
cost  of  $4,580,000.  The  total  annual  cost  for  Alternative  C  was  $4,650,000,  This 
alternative  reduced  the  annual  risk  costs  by  $1,540,000  as  compared  to  Alterna- 
tive A,  and  the  benefit  to  cost  ratio  was  0.34.  Other  considerations  were  that  the 
potential  for  loss  of  life  is  reduced  compared  to  Alternative  A;  the  structure  would 
not  meet  current  federal  dam  safety  guidelines,  but  the  dam  would  be  designed  to 
safely  pass  approximately  27%  of  the  current  PMF. 

E.  Alternative  D  -  Spillway  Capacity  60,000  cfs  (16%  PMF) 

Alternative  D  also  produced  significant  reductions  of  incremental  damages 
compared  to  Alternative  A.  The  annual  risk  cost  of  Alternative  D  was  estimated 
at  $180,000,  the  construction  costs  were  estimated  at  $21,000,000  with  an  annual- 
ized construction  cost  of  $1,920,000  and  the  total  annual  cost  for  Alternative  D 
was  $2,100,000.  This  alternative  reduced  the  annual  risk  costs  by  $1,430,000  as 
compared  to  Alternative  A,  and  the  benefit  to  cost  ratio  was  0.74.  Other  consider- 
ations were  that  the  potential  for  loss  of  life  is  reduced  coinpared  to  Alternative 
A;  the  structure  would  not  meet  current  federal  dam  safety  guidelines,  but  the  dam 
would  be  designed  to  safely  pass  approximately  16%  of  the  current  PMF. 
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F. 


Alternative  E  -  Breach 


Alternative  E  eliminated  all  risk  costs  due  to  dam  failure  for  the  largest  reduction 
of  incremental  damages  compared  to  Alternative  A.  The  annual  risk  cost  for 
Alternative  E  was  zero,  the  construction  costs  were  estimated  at  $20,000,000  with 
an  annualized  construction  cost  of  $1,800,000,  and,  therefore,  the  total  annual  cost 
for  -Mternative  E  was  $1,800,000.  This  alternative  reduced  the  annual  risk  costs  by 
$1,610,000,  and  had  a  benefit  to  cost  ratio  of  0.S9  as  compared  to  Alternative  A. 
An  important  consideration  was  that  the  potential  for  loss  of  life  due  to  dam 
failure  is  eliminated.  There  would  be,  however,  a  potential  for  loss  of  life  due  to 
natural  flooding  that  renains.  Another  important  aspect  to  consider  would  be  that 
the  public  acceptance  of  breaching  the  dam,  with  accompanying  loss  of  benefits 
versus  elimination  of  the  risk,  would  be  difficult  to  assess. 

A  comparison  of  the  alternatives  is  presented  in  Table  X-1  and  a  summary  of  the 
costs,  benefits,  and  benefit  to  cost  ratios  is  presented  in  Table  X-2. 

TABLE  X-1 
COMPARISON  OF  ALTERNATIVES 


Constrjction 
Costs 

0 

$115,000,000 

$51,000,000 

$21,000,000 

$2: 

J,JOO,000 

Annualized  Con- 
struction Costs 

0 

$    10,300,000 

S   t,5SO.OO0 

$    1,920,000 

5  1 

1,500.000 

Flood    Protec- 
tion Level 
(percentage 
of   PMF) 

5 

100 

27 

16 

0 

Annual 
Net  Risk 
Costs 

$1 

,610.000 

$25,000 

$70,000 

$180,000 

$0 

Chance 
for  Loss 
of  Life 

1 

in  270 

1  in  17,600 

1  in  6,800 

1   in  it, 000 

Other  Con- 

Does not 

Neve  project 

Does  not 

Does  not 

Difficult 

siderations 

meet 

with  new 

meet 

meet 

to  assess 

Federal 

benefits 

Federal 

Federal 

public 

Dam  Safety 

generated 

Dam  Safety 

Dam  Safety 

acceotanci 

Guidelines 

Meets  Federal 

Guidelines 

Guidelines 

of   loss  of 

protect 

High  proba- 

Dam Safety 

versus 

bility  of 

Guidelines 

eliminatior 

of  dam 

of  all  risk 

failure 

Potential 
benefits  to 

due  to  daT 
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legal  claims 
for  damages 
and  breach  of 
contract  and 

political 
controversy 
Loss  of  protec- 
tion froTi  low 
frequency 
flood 


TABLE  X-2 
Summary  of  Costs,  Denefils,  and  R/C  Ratios  (or  Alternatr 


Alternatives 

Inflow 

Design 

Capacity 

(cts) 

Construction 

Costs 

(millions) 

0 

Annualized 

Construction 

Cost 

(millions) 

A 
I«i5 
(m 

k  Cost 
llions) 

Ht-nelils 
N/A 

Total 

Annual 

Cost 

(millions) 

Benefit  to 

Cost  Ratio 

(B/C) 

Alternative  A 
(Existing  Dam) 

20,000 

0 

$ 

l.blO 

1.610 

N/A 

Alternative  B 

182,000 
(PMF) 

115.0 

10.30 

.025 

1.580 

10.30 

.15 

Alternative  C 

101,1*00 

51.0 

i».58 

.070 

1.51)0 

H.65 

.31. 

Alternative  D 

60,000 

21.0 

1.92 

.180 

1.4  30 

2.10 

.7k 

Alternative  E 
(Breach  the  Dam) 

- 

20.0 

1.80 

0 

1.610 

1.80 

.89 

N/A   -    Not  applicable  because  Alternative  A  is  reference  alternative. 

NOTE:    The  total  costs  for  construction  must  be  equal  to  or  less  than  approximately  518,000,000  to  yield  a  B/C  ratio  of  1.0  i 
greater. 


G.         Uncertainty  Analysis 

To  ascertain  the  impact  of  the  uncertainties  involved  in  the  risk  assessment  on  the 
conclusions  of  the  risk  assessment,  sensitivity  analyses  were  made  for  some  of  the 
probability  and  consequence  estimates.  The  areas  of  uncertainty  within  the  risk 
assessment  included:  the  return  period  chosen  for  the  PMF,  the  system  response 
probability  estimates,  the  dam  break  flood  routings,  the  damage  assessments,  and 
the  threat  to  life  estimates.  From  among  these  five  areas  of  uncertainty,  the 
following  three  were  chosen  on  which  to  perform  sensitivity  analyses:  the  return 
period  or  annual  frequency  of  occurrence  of  the  PNAF,  the  damage  assessments,  and 
system  response  probabilities.  Before  discussing  the  sensitivity  analyses  made  on 
these  three  selected  areas,  some  brief  comments  concerning  dain  break  flood 
routings  and  threat  to  life  are  in  order. 

The  dam  break  flood  routings  were  not  included  because  the  sensitivity  of 
downstream  flooding  to  variations  in  dam  breach  parameters  was  done  as  part  of 
the  flood  inundation  mapping  studies  reported  in  Section  VIII-B,  Inundation  Studies. 
These  parametric  studies  showed  that  downstream  inundation  was  most  sensitive  to 
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variations  in  the  breach  development  time  (time  to  breach  of  2.0  hours  was  used). 
Although  inundation  maps  were  not  developed  for  a  range  of  breach  parameters, 
relatively  conservative  values  were  used  in  order  to  yield  conservative  estimates  of 
areas  expected  to  be  flooded. 

The  threat  to  life  estimates  were  also  not  included  in  the  formal  sensitivity 
analysis  because  a  quick  examination  revealed  that  there  would  be  an  almost 
infinite  number  of  combinations  of  input  parameters  that  could  be  studied. 
Instead,  a  cursory  evaluation  was  made  by  inspection.  That  evaluation  indicated 
that  the  overall  threat  to  life  A'ould  not  change  significantly  even  with  slight 
variations  in  the  pathway  probabilities  which  are  a  function  of  the  event 
probabilities,  the  conditional  response  probabilities,  and  the  conditional  outcome 
probabilities.  There  were  two  parameters  that  apparently  could  have,  given  a  large 
variation  in  their  magnitude,  affected  the  threat  to  life  significantly;  the 
estimated  PAR,  population  at  risk,  and  the  exposure  probability,  which  is  a 
function  of  warning  time  received  by  people  in  the  event  of  a  flood.  Fortunately, 
the  DNRC  has  an  established  warning  system  connected  with  the  Tongue  River 
Dam  which  is  regularly  tested.  This  fact  alone  eliminated  a  large  part  of  the 
uncertainty  that  could  have  been  associated  with  the  exposure  probability 
parameters. 

Returning  now  to  the  three  areas  for  which  sensitivity  studies  were  made,  the  first 
to  be  discussed  is  return  period  of  the  PMF.  The  risk  model  for  each  of  the  five 
alternatives,  A  through  E,  was  rerun  for  an  order  of  magnitude  of  one  lower  return 
period  of  the  PMF  (1  x  10^)  and  an  order  of  magnitude  of  one  higher  return  period 
(I  x  lO'^)  than  was  used  for  the  basic  risk  assessment  (I  x  lO^).  The  effect  of  this 
variation  in  return  period  of  the  PMF  on  the  downstream  damages  was  tabulated 
for  each  alternative  and  compared  to  the  damage  estimates  determined  from  the 
risk  assessment.   The  tabulated  results  are  shown  in  Table  X-3. 
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TABLE  X-3 


SENSITIVITY  STUDY  RESULTS 
BASED  ON  TOTAL  COSTS 


REGRET  MATRICES 


PMF  Return  Period  (Years) 


Alterna 

tive 

$ 

IC* 

0.000 

Rank 
1 

105 

Rank 
1 

106 
$   5.808 

Rank 

A 

$  0.000 

4 

B 

9.735 

5 

8.718 

5 

8.536 

5 

C 

4.02<* 

It 

3.0'*0 

4 

3.128 

3 

D 

l.i*06 

3 

0A9k 

3 

1.175 

2 

E 

1.212 

2 

0.194 

2 

0.000 

1 

Minimum 

Cost 
tive 

$ 

0.588 

$    1.606 
Economic  D 

amages 

$    1.800 

Alterna 

Low 

Rank 

Intermediate 

Rank 

High 

Rank 

A 

$ 

0.000 

1 

$  0.000 

1 

$  0.094 

2 

B 

9.0W 

5 

8.718 

5 

8.524 

5 

C 

3.353 

<♦ 

3.0'*0 

4 

2.854 

4 

D 

0.776 

3 

0A9H- 

3 

0.340 

3 

E 

0.516 

2 

0.19i* 

2 

0.000 

1 

Minimum 

Cost 

$ 

1.28'* 

$    1.606 

$    1.800 

tive 

Response  Probability 

Alterna 

Low 

Rank 

Medium 

Rank 

High 

Rank 

A 

$ 

0.000 

1 

$  0.000 

1 

$  0.698 

3 

B 

9.561 

5 

8.718 

5 

8.526 

5 

C 

3.855 

ti 

3.0i»0 

4 

2.905 

4 

D 

1.306 

3 

0.'*9'* 

3 

0.365 

2 

E 

1.03S 

2 

0.194 

2 

0.000 

1 

Minimum 

Cost 

$ 

0.762 

$    1.606 

$    1.800 

NOTE:     All  values  in  millions  of  dollars. 


The  sensitivity  study  results  in  Table  X-3  are  called  regret  matrices.  The  regret 
matrix  is  formed  by  determining  the  minimum  value  in  each  column  and 
subtracting  it  from  all  the  other  entries  in  that  column.  The  result,  of  course,  is 
zero  for  the  alternative  with  the  minimum  cost.  The  importance  of  this  operation, 
however,  is  that  each  of   the  other  values  becomes  ranked  in  comparison  to  the 
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others  relative  to  the  minimum  cost  alternative.  The  remaining  value  for  each 
alternative  is  a  relative  measure,  in  monetary  terms,  of  the  "regret"  or  additional 
annual  costs  one  would  have  for  selecting  a  particular  alternative  instead  of  the 
least  cost  alternative. 

The  purpose  for  displaying  the  sensitivity  results  in  this  fashion  was  to  determine 
the  effects  of  varying  the  return  period  of  the  PMF  on  the  overall  ranking  of  the 
alternatives. 

The  first  observation  is  that  the  minimum  cost  increases  as  the  return  period 
decreases.  This  is  because  the  size  of  flood  associated  with  a  longer  return  period 
is  larger  and,  consequently,  the  damages  would  be  larger. 

The  second  observation  is  that  Alternative  E  has  the  least  regret  among  all  the 
alternatives  cojnpared  to  \  in  the  middle  column  and  Alternative  D  has  the  second 
smallest  regret.  The  conclusion  would  be  that  Alternative  D  is  the  best  given  the 
constraint  that  the  project  is  not  to  be  abandoned.  Without  the  constraint, 
Alternative  E  appears  to  be  best  in  monetary  terms. 

The  third  observation  is  that  the  ranking  among  all  alternatives  remains  constant 
for  a  PMF  return  period  of  1  x  lO'^  and  changes  slightly  for  a  PMF  return  period  of 
1  X  10^.  For  the  longer  return  period.  Alternative  E  becomes  the  least  cost  and 
Alternative  D  has  the  least  regret.  From  this  exercise,  it  was  demonstrated  that 
the  conclusion  about  Alternative  D  being  the  least  cost  from  among  those 
alternatives  that  reduce  the  risks  of  the  existing  dam  yet  preserves  the  project  was 
insensitive  to  the  PMF  return  period  over  the  range  of  return  periods  evaluated. 

The  second  area  of  uncertainty  addressed  in  the  sensitivity  studies  was  the 
economic  damages.  The  risk  assessment  was  made  using  the  intermediate  curve 
shown  in  Figure  Vlll-^f.  The  purpose  of  the  sensitivity  study  was  to  determine  what 
affect  varying  the  damage  curve  from  low  to  high  would  have  on  the  results  of  the 
risk  assessment.  Once  again,  the  risk  model  was  rerun  for  each  alternative  using 
the  low  and  high  damage  curves  and  the  results  were  tabulated  in  Table  X-3  as  was 
done  for  the  studies  to  test  sensitivity  for  PMF  return  period. 
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The  overall  minimum  cost  showed  mucli  less  sensitivity  to  variations  in  the  dainage 
parameters  than  was  evident  with  the  PMF  frequency  parameters.  This  is  an 
indication  that  estimating  dainages  due  to  a  flood  based  on  historic  data  is  a  nore 
deterministic  activity  with  less  uncertainty  than  attempting  to  predict  probable 
maximum  floods  over  thousands  of  years  into  the  future  with  only  a  relatively  brief 
historical  data  base  (less  than  100  years  of  record). 

The  rank  of  Alternative  D  to  the  other  alternatives  remained  the  same 
economically  and  showed  no  sensitivity  to  damage  function  for  the  range  of  curves 
examined. 

The  third  area  of  uncertainty  for  which  sensitivity  studies  were  performed  was 
system  response  probabilities.  These  probabilities  were  developed  based  on  the 
engineering  experience  and  judgeinent  of  the  DNRC  staff,  its  consultant  and  the 
PRC  project  team.  'A'henever  engineers  are  asked  to  give  estimates  on  the 
probability  that  a  structure  will  respond  in  a  particular  manner,  there  is 
uncertainty.  To  test  the  effects  that  variations  in  the  systein  response 
probabilities  could  have  on  the  results  of  the  risk  assessment,  the  risk  model  was 
rerun  with  the  system  response  probabilities  shifted  by  one  position  upward  and 
downward  from  that  shown  on  the  spreadsheets  for  each  alternative. 

The  results  are  shown  in  Table  X-3  using  the  regret  matrix  format.  Although 
there  is  a  larger  overall  deviation  in  the  minimum  cost  than  shown  for  the  damage 
function  parameters,  the  medium  value  is  skewed  toward  the  higher  value  which  is 
a  reflection  of  the  conservatisin  used  by  all  the  individuals  who  made  response 
probability  estimates.  The  conclusions  drawn  regarding  the  relative  ranking  of  all 
alternatives  and  more  specifically  the  ranking  of  Alternative  D  relative  to  the 
other  alternatives  were  the  same  for  the  response  probability  parameter  as  for  the 
other  two  parameters  evaluated  previously. 

H.  Comparison  to  Other  Risks 

Modern  society  is  complex  and  virtually  every  activity  undertaken  carries  with  it 
consequences  or  risks  that  are  unknown,  or  at  best  uncertain.     A  partial  list  of 
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annual  deaths  in  the  United  States  by  causes  are  shown  in  Table  X-k.  The  number 
of  deaths  annually  attributable  to  dam  failures  are  also  shown  for  dam  failures 
before  I960  and  since  197S  for  comparison. 

Part  of  the  reason  for  conducting  a  risk  assessment  for  the  Tongue  River  Dam  was 
to  reduce  the  uncertainty  of  risk  to  life  downstream  in  the  event  of  dam  failure. 
Results  from  the  risk  assessment  did  provide  quantitative  estimates  of  the 
probability  of  life  loss  for  several  types  of  loading  conditions  and  system  responses 
of  the  dam  and  its  appurtenances.  Those  have  been  summarized  in  Section  IX  and 
are  shown  in  detail  for  each  alternative  in  the  computer  output  spreadsheets 
contained  in  Appendix  B. 

In  spite  of  a  greatly  clarified  picture  of  the  level  of  risk  to  life,  however,  the 
decision  process  for  determining  an  acceptable  level  of  risk  to  life  remains  a 
difficult  one  for  the  DNRC  and  the  Montana  Legislature. 

Various  approaches  are  available  for  determining  the  acceptable  level  of  risk  of 
life  loss.  Experience  shows  that  no  single  criterion  for  determining  acceptable  risk 
is  necessarily  suitable  for  all  situations.  However,  it  is  useful  for  decision  makers 
to  have  available  clearly  presented  comparisons  between  the  risks  associated  with 
dam  failure  and  those  associated  with  other  involuntary  activities  and  public  works 
projects  in  particular.  Such  comparisons  can  be  made  in  terms  of  probability  of 
life  loss  or  in  terms  of  the  cost  to  save  a  life.  For  this  purpose,  the  probability  of 
life  loss  can  be  based  on  (1)  actual  failure  rates  for  siinilar  projects  (revealed 
preference),  (2)  a  consensus  of  what  people  consider  to  be  acceptable  (expressed 
preference),  or  (3)  current  regulatory  and  legal  criteria  (implied  preference),  which 
Rowe  (1979)  argues  is  a  balance  between  what  people  want  and  what  society  can 
afford. 

Using  the  approach  described  in  three  above,  data  were  compiled  from  current  data 
sources  to  show  examples  of  cost-per-life-saved  criteria  in  other  public  works  and 
regulatory  areas  as  shown  in  Table  X-'t.  The  cost-per-life-saved  was  computed  for 
Alternatives  B  through  E  and  are  also  shown  for  comparison. 
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TABLE  X-ii 
COMPARISON  OF  RISKS 


1/5,000   Years  =  0.0002  Risk  of  Dam  Failure  (Involuntary)* 

1  in  <t,000  =  .00025  Risk  of  Death  from  Auto  Accident  ir 

the  United  States  (Voluntary)* 

SOURCE:    Comment  on  Societal  Risk  -  David  Okrent  -  April  1980. 

Energy  Risk  Manage-nent,  G.T.  Goodman  &  *.D.  Rowe,  1979. 
♦Voluntary  and  involuntary  risk  values  should  not  be  compared  directly. 

Annual  Deaths  in  the  United  States  by  Causes 
(USBR  19S3  *orkshop  Handout) 

Causes  Number  of  Deaths 


All  Causes  1,900,000 

Health  Related 

Heart  and  Artery  Diseases  SOO.OOQ 

Cancer  tOO.OOO 

Smoking  3i»6,000 

Result  of  Alcohol  205,000 

Stroke  170,000 

Crime  Related 

Violence  (Homicide  and  Suicide)                                                         '♦8,000 

Child  Abuse  5,000 

All  Accidents  106,000 

Motor  Vehicles  (Alcohol  related  26,000)  52,000 

Falls  U.OOO 

Fires  6,200 

Drowning  5,800 

Water  Transport  Accidents  1,500 

Flash  Floods  200 

Lightning  150 

Tornadoes  120 

Others  26,030 

Dam  Failure  (Before  1960)  15 

Dam  Failure  (Since  I97S)  2 


Examples  of  Cost-Per-Life-Saved  Criteria 
Agency  or  Regulatory  Discipline $  X  10°'Life  Saved 


.6,, 


Nuclear  Power  Plant  Design  Features 
Radwaste  Effluent  Treatment  Systems  10 

Containment  * 

Occupational  Health  and  Safety 

'OSHA     Coke  Fume  Regulations  ii.5 

OSHA  Benzene  Regulations  300 

Environmental  Protection 
EPA     Vinyl  Chloride  Regulations  i* 

Automotive  and  Highway  Safety 
Seat  Belts  0.08 

TONGUE  RIVER  DAM  ALTERNATIVE  B  96.0 

TONGUE  RIVER  DAM  ALTERNATIVE  C  3t.O 

TONGUE  RIVER  DAM  ALTERNATIVE  D  5.K 

TONGUE  RIVER  DAM  ALTERNATIVE  E  2.1 

1.  From  N.3.  McCormick,  "Reliability  and  Risk  Analysis",  1981. 

2.  From  E.P.  O'Donnell  and  3.3.  Mauro,  "Nuclear  Safety",  1979. 

3.  OSHA,  Occupational  Safety  and  Health  Administration. 
I*.  EPA,  Environmental  Protection  Agency. 
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The  computations  for  cost-per-life-saved  for  Alternatives  3,  C,  D  and  E  were  :nade 
using  the  following  equation: 


:pls 


Alt 


ACC 


Alt 


Alt 


Pf^A  ^  La  -  P^Alt  ^  KMt 


where 

CPLS  =  Cost-Per-Life-Saved 

Alt  =  Alternative  Rehabilitation  Action 

A  =  Alernative   A  -  Existing  Dam 

ACC  =  Annual  Construction  Cost 

3  =  Annual  Benefits 

PF  =  Annual   Probability  of  Failure 

L  =  Estimated  Number  of  Lives  Lost 

A  graphical  comparison  is  shown  in  Figure  X-1. 
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XI.     CONCLUSIONS 


Because  the  Probable  Maximum  Precipitation  (PMP)  values  developed  using 
Hydrometeorologial  Report  No.  5.5  (HMR  55)  fail  within  the  confidence  bands 
shown  in  Harza's  study,  the  Probable  Maximum  Flood  (PMF)  developed  by 
Harza  was  considered  acceptable  and  was  used  in  this  report. 


Spring  PMF: 
Peak  C 
15-Day  Volume  1,360,000  acre-feet 


Peak  Discharge  382,000  ft.  ^/s 


Summer  PMF: 


Peak  Discharge  108,000  ft./s 

ifO-Hour  Volume  91,000  acre-feet 


2.  The  largest  net  risk  costs  and  probability  of  failure  of  the  existing  darn  are 
related  to  hydrologic  loading  conditions. 

3.  The  largest  net  risk  costs  and  probability  of  failure  of  the  existing  dam  would 
most  likely  occur  due  to  progressive  failure  of  the  spillway  and  stilling  basin 
(tailrace). 

^.  The  five  alternative  project  configurations  assessed  for  risk  and  least  cost  in 
this  study  were  selected  jointly  by  DNRC  staff  and  PRC  from  work 
performed  previously  by  the  Bureau  of  Reclamation  and  Harlan  Miller  Tait 
Associates. 

The  alternatives  investigated  in  this  assessment  included: 

A.  Existing   dam   structure  with   no   structural   modifications  and   present 
reservoir  operating  restrictions  removed  -  "Existing  Dam." 

B.  Modify   the    dam    and    spillway    to    safely    pass    the    PMF   and   increase 
reservoir  storage  -  "Spillway  Capacity  -  382,000  cfs  (100%  PMF)." 
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C.  Modify  the  dam  and  spillway  to  pass  a  103,^00  cfs  flood  -  "Spillway 
Capacity  -103, 'tOO  (27%  PMF)." 

D.  Modify  the  spillway  and  energy  disslpator  to  pass  a  design  capacity  of 
60,000  cfs  (the  original  intended  design  capacity  at  a  water  surface  of 
El.  3^37.^  based  on  original  construction  drawing  No.  9  -  GR  dated 
March  [>4,  1938)  -  "Spillway  Capacity  -  60,000  (16%  PMF)." 

E.  Breaching  the  dam  and  restoration  of  the  reservoir  area  -  "Breach." 

5.  Updating  the  Emergency  Action  Plan  regularly  and  maintaining  and  testing 
the  emergency  warning  system  periodically  provides  the  greatest  protection 
and  beneficial  reduction  in  the  risk  of  life  loss  due  to  flooding  from  dam 
failure. 

6.  Alternative  A  -  "Existing  Dam,"  has  the  least  total  annual  cost  (sum  of 
annual  risk  cost  and  annualized  construction  cost)  among  all  the  alternatives, 
but  has  the  highest  annual  risk  cost  and  represents  the  largest  risk  to 
property  downstream  and  to  lives  (annual  probability  of  life  loss  estimated  to 
be  1  chance  in  270. 

7.  Alternative  B  -  "Spillway  Capacity  382,000  (100%  PMF)"  had  the  largest 
total  annual  cost  among  all  the  alternatives  but  had  one  of  the  smallest  risks 
to  downstream  property  damage  and  life  loss  (annual  probability  of  life  loss 
estimated  to  be  1  chance  in  17,600), 

8.  Alternative  C  -  "Spillway  Capacity  103,^00  (25%  PMF)"  had  the  second 
highest  total  annual  cost  among  all  the  alternatives  and  had  a  small  risk  to 
property  and  life  (annual  probability  of  life  loss  estimated  to  be  1  in  6,800). 

9.  Alternative  D  -  "Spillway  Capacity  60,000  (16%  PMF)"  produces  the  second 
largest  reduction  in  annual  risk  costs  for  the  least  total  annual  cost  compared 
to  the  existing  dam  from  among  all  the  alternatives  and  had  a  significant 
reduction  in  the  risk  to  property  and  life  downstream  (probability  of  life  loss 
estimated  to  be  1  in  1^,000). 
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10.  Alternative  E  -  "Breach"  was  t!ie  only  alternative  w'nich  reduced  the  annual 
risk  cost  to  zero;  but  at  a  total  annual  cost  exceeding  that  of  Alternative  \  - 
"Existing  Dam"  and  all  project  benefits  would  be  lost.  The  risk  to  life 
downstream  due  to  dam  failure  would  be  reduced  to  zero. 

11.  Based  on  results  from  the  uncertainty  analysis  which  included  sensitivity 
analyses  of  the  flood  frequencies,  system  responses  and  damage  estimates, 
Alternative  D  remained  the  top  ranked  among  all  alternatives  compared  to 
the  existing  dam  in  maximuin  reduction  in  annual  risk  cost  for  least  total 
annual  cost,  with  the  exception  of  Alternative  E.  This  observation  is  a 
function  of  costs  only  and  does  not  include  life  loss  considerations  (see 
conclusion  12). 

12.  The  ranking  of  all  alternatives  on  the  basis  of  downstream  risk  to  life  from 
highest  to  lowest  risk  was  Alternatives  A,  D,  C,  B,  E.  Although  Alterna- 
tive D  is  ranked  second  highest  to  the  existing  dam.  Alternative  A,  it  is 
evident  based  on  Figure  1-5  that  the  risk  to  life  is  significantly  reduced 
between  Alternative  A  and  all  the  others.  Therefore,  Alternative  D 
compares  favorably  with  Alternatives  B,  C  and  E  in  effectively  reducing  the 
probability  of  life  loss  downstream. 

13.  The  conclusions  reached  in  the  study  and  contained  in  this  section  were  all 
predicated  on  the  assumption  that  legally  the  State  of  Montana  would  not  be 
liable  for  punitive  damages  and  economically  the  state's  liability  would  be 
limited  to  the  incremental  damages  greater  than  those  attributable  to  natural 
flood  flow  that  would  occur  without  the  Tongue  River  Dam.  Any  changes  in 
the  legal  environment  which  deviate  from  those  assumed  could  significantly 
alter  the  conclusions  and  the  viability  of  the  risk  assessment  approach 
followed.  A  legal  opinion  by  DNRC  legal  counsel  addressing  this  subject  is 
contained  in  Appendix  A. 
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APPENDIX  A 

DNRC  INTERNAL  MEMORANDUM 

TONGUE  RIVER  DAM  LIABILITY 


DEPARTMENT  OF  NATURAL  RESOURCES 
AND  CONSERVATION 


TED  SCHWINDEN.  GOVERNOR 


1S20  EAST  SIXTH  AVENUE 


STATE  OF  MONTANA 


DIRECTORS  OFFICE  (406)  444-6699 


HELENA    MCNTAN; 


November    3,    1986 


TO 


Sarah  Bond 
Counsel 


FROM:   Rick  Bondy  \ 

Chief,  Engineering  Bureau 


RE 


Tongue    River    Risk   Analysis, 


In   our   work   on   the   Tongue   River   Risk   Analysis   two   legal 
questions   have    come    up   that   have   an   impact   on   the   Analysis, 


1)  V7hat 
that  wo 
not  bee 
inflow 
failure 
100,000 
downstr 
liabili 
most  li 
a) 


b) 


c) 


is   the   extent    of    a   dam   owner's   liability    for    damages 
uld   have   occurred   due   a   large    flood   even    if    the    dam   had 
n   there.      For    example,    assume   that   a   dam    fails  when   the 
to    the    project   is   30,000    cfs.      Subsequent   to   the    dam 
the    inflow   continues   to   increase    and   finally   peaks   at 
cfs.      The   failure    of    the    dam   causes   a   200,000    cfs    flow 
earn   of    the   dam.       I    can   think   of    three   potential    levels   of 
ty   and   I   would   like  your   opinion   on  which   one  we'd   be 
kely    to   be    paying. 

the   owner    of    the   dam   could   be   liable   for    all    the   damages 
caused   by    the   200,000    cfs  wave   released   by    the   failure    of 
the    dam 

the    dam    owner    could   only    be    liable    for    the   damages    caused 
by    the   200,000    cfs   less    dam.ages    that  would   have    been 
caused   by    the   100,000    inflow, 

the    dam   owner    could    be   responsible   for    damages    caused    by 
the   200,000   cfs   flood  less  whatever    damages   had   already 
occurred  at    the   time   the    dam  failed. 


I   would   also   appreciate  your    assessment   of    the   likelyhood   that 
any   punative    darr.ages   might   have   to    be   paid,    assuming    it  was 
known   for    several    years   prior    to    the   failure   that    the   dam  was 
unsafe. 

2)     Based   on    preliminary    results    it   appears    that    the    cheapest 
thing   to    do   for    the    Tongue    River    Project   might    be    some 
combination   of    an   acceptance   of    the   risks   and   a    repair   of    the 
dam    that   would   not    come    close   to   meeting    today's    dam    safety 
standards.       It    seems    to   me    that    if    the   owner    could   afford   to 
take   such   a    risk   it  may   be   appropriate   to   allow   him   to   do    so 
whereas,    if    failure   of    a   structure  would   cause   damages   for   which 
an   owner    could   not    afford   to   compensate   he    probably    should   not 
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be  allowed  to  maintain  such  a  structure.   What  I  need  to  know 
here,  though,  is  what  do  you  understand  the  law  to  say  on  this 
subject.   I  would  appreciate  discussion  here  on  life  loss. 
Would  the  answer  be  different  if  we  could  develop  a  warning 
system  that  would  probably  warn  people  of  the  impending  flood? 
Such  a  system  could  not  be  perfect,  but  we  could  build  a  pretty 
good  one  for  a  lot  less  than  it  costs  to  reconstruct  the  dam,  i 
suspect. 


I  would  appreciate  a  written  response  to  these  questions  by 
November  11,  1986,  if  possible. 


DEPARTMENT  OF  NATURAL  RESOURCES 
AND  CONSERVATION 


TED  SCHWINDEN,  GOVERNOR 


1520  EAST  SIXTH  AVENTUE 


STATF  OF  MONTANA 


DIRECTOR  S  OFFICE  (406)  444-6699 


HELENA,  MONTANA  59620 


MEMORANDUM: 


TO: 

FROM; 

RE: 

DATE 


Rick  Bondy 
Chief,  E 


Sarah  A. 
Leaal  Co" 


ng  Bureau 


Tongue  River  Dam  Liability 
December  22,  1986 


Ev  memo  of  November  3,  1986,  you  have  requested  opinion  on  three 
related  questions. 

1.   Your  first  question  presents  several  components. 

a.  The  State,  as  well  as  any  private  entity,  is  liable 
for  damages  occasioned  by  -its  negligence. 

b.  If  the  State  is  found  negligent  in  the  operation, 
maintenance  or  design  of  the  dam,  it   will  be  liable  for 
resultant  damages  up  to  $750,000  for  each  claim  and  1.5 
million  for  each  occurrence. ^   The  burden  of  proving 
proximate  cause  and  amount  of  damages  is  on  the 
plaintiff  but  difficulty  in  segregating  damages  caused 
bv  negligence,  and  damages  which  would  have  occurred 
reaardless  thereof,  does  not  prevent  recovery  for  a 
jury's  best  estimate.   Damages  awarded  against  a 
government  employee  will  be  paid  for  by  the  state. 

§  2-9-305,  MCA,  (1985) . 


^  Claim  means  all  damages  occurring  to  an  individual. 
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c.  The  calculation  of  damages  is  extremely  fact  specific. 
The  State's  liability  would  be  calculated  on  the  basis 
of  the  damage  caused  by  the  failure,  excepting  only  so 
much  as  could  be  shown  would  have  occurred  even  if  the 
dam  hadn't  failed,  or,  if  the  dam  hadn't  been  there.   It 
is  unlikely  that  a  mere  subtraction  of  inflows  and 
outflows  would  reflect  the  amount  of  damages  proximately 
caused  by  the  negligent  failure. 

d.  Under  current  law,  the  State  may  not  be  held  liable  for 
punitive  damages. 

e.  Independent  contractors  are  not  subject  to  these 
limitations,  and  currently  not  subject  to  any  limitation 
on  either  compensatory,  or  punitive  damages. 

2.   a.   Your  second  question  involves  moral  issues  not  fully 

answered  by  the  law.   That  is,  should  the  State  assume 
the  risk  based  on  a  financial  projection  that  some  of 
its  citizens  should  die?   That  is,  because  the  State  is 
not  liable  for  punitive  damages,  no  financial  liability 
could  attach  because  of  outrageous  or  morally  bankrupt 
behavior  by  the  State.   Monetary  liability  would  attach 
for  the  actual  amount  of  damages  caused.   Financial 
feasibility  is  not  a  defense  to  negligence. 

b.   Criminal  liability  theoretically  could  attach  for 
violation  by  the  dam  safety  act.   Each  day  of  a 
continuing  violation  is  a  misdemeanor.   Theoretically, 
the  State  (in  this  case,  the  Director  of  the  Department) 
could  be  convicted  of  homicide  if  its  negligence  caused 
a  death.   §  85-15-501,  MCA,  (1985).   This  section  has 
never  been  construed.   The  governmental  indemnity  does 
not  apply  to  malicious  or  criminal  behavior. 


DISCUSSION 


1 .   General  Caveat 

Tort  reform  is  among  the  legislative  issues  to  be  addressed  at 
the  1987  legislative  session.  Hence,  opinion  on  the  law  as  it 
is  now  is  likely  to  be  rendered  moot,  in  some  respects,  in  the 
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near  future.   Damages  are  a  substantive  issue  and  the  law  in 
effect  on  the  date  of  injury  is  the  applicable  law.   Dvorak  v. 
Huntley  Project  Irrigation  District,  196  Mont.  167,  639  P. 2d  62 
(1981);  Jacques  v.  Montana  National  Guard,  199  Mont.  493,  649 
P. 2d  1319  (1982).   Although  the  legislature  has  always  been 
empowered  to  establish  liability  limits,'  the  Montana  Supreme 
Court  most  recently  in  White,  and  Pf of t,  has  held  the  right  to 
receive  redress  for  legal  injury  is  a  fundamental  constitutiona i 
right  and  therefore  legislative  limitations  thereon  are  subject 
to  the  "strict  scrutiny"  test.   Art.  II,  §  16,  Mont.  Const. 
Constitional  Initiative  (CI)  30  seems  to  clear  the  way  for 
stricter  limits  by  amending  the  constitution  as  follows:  (words 
stricken  are  deleted,  those  underlined  are  added) . 

Section  16.   The  administration  of  justice  (1)   Courts  of 
Justice  shall  be  open  to  every  person,  and  speedy  remedy 
afforded  for  every  injury  of  person  or  property  or  character. 
Right  and  justice  shall  be  administered  without  sale,  denial,  or 
delay. 

(2)   No  person  shall  be  deprived  of  legal  redress  for  injury 
incurred  in  employment  for  which  another  person  may  be 
liable  except  as  to  fellow  employees  and  his  immediate 
employer  who  hired  him  if  such  immediate  employer  provides 
coverage  under  the  Workmen's  Compensation  Laws  of  this 
state. 

( 3. )   This  section  snail  not  be  construed  as  a  IJT^itation  j^jicji 
the  authority  of  the  legislature  to  enact  statutes 
establishing  limiting,  mocifvinc  or  abolishing  remedies, 
claims  for  relief,  damages,  or  allocations  of  responsibility 
for  damages  in  any  civil  proceedinc,  except  that  anv  express 
dollar  limits  on  compensatory  damages  for  actual  economic 
loss  for  bodily  injury  must  be  approved  by  a  2/3  vote  of 
each  house  of  the  legislature. 


Art.  II,  §  18,  of  the  Montana  Constitution  provides:   "The 
state,  counties,  cities,  towns,  and  all  other  local  government 
entities  shall  have  no  immunity  from  suit  for  injury  to  a 
person  or  property  except  as  may  be  specifically  provided  by 
law  by  a  2/3  vote  of  each  house  of  the  legislation." 
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2 .   Exemplary  or  Punitive  Damages 

The  Statutory  prohibition  against  recovery  of  exemplary  or 
punitive  damages  against  the  State, ^  (through  its  employees)  has 
been  upheld  by  the  Montana  Supreme  Court.   In  White  v.  State,  40 
St.  Rep.  507  (1983),  the  Court  without  citation  held  the  right 
to  recover  exemplary  damages  is  not  a  fundamental  right,  and 
that  legislative  limitations  thereon  were  subject  only  to  a 
rational  basis  test.   (The  right  to  full  redress  for  all 
injuries  was  held  to  be  a  fundamental  right,  limitation  of  which 
must  pass  a  strict  'scrutiny  test').   The  Court  further  noted, 
"The  problem  with  assessing  punitive  damages  against  the 
government  is  that  the  deterrent  effect  is  extremely  remote  and 
innocent  taxpayers  are,  in  fact,  the  ones  punished.   Those 
taxpayers  have  little  or  no  control  over  the  actions  of  the 
guilty  tortfeasor."   White,  at  511.   That  section  was  not 
changed  at  the  June  1986,  special  legislative  session,  and  it  is 
unknown  whether  1987  legislation  will  be  introduced  on  this 
point.   Although  compensatory  and  punitive  1 imits  are  expected 
to  be  enacted  in  1987,  because  the  right  to  recover  punitive 
damages  is  only  a  right  (as  opposed  to  a  fundamental 
constitutional  right)  any  future  attack  on  governmental  immunity 
therefrom  would  have  to  prove  the  prohibition  is  arbitrary  or 
capricious.   Absent  future  legislation  allowinc  governmental 
liability  for  punitive  damages,  the  State  is  net  liable 
therefor.   That  is,  where  a  fundamental  constitutional  right 
(like  compensatory  damages)  is  in  issue,  the  State  must  shew  a 
compelling  State  interest  to  justify  the  limitation.   Where  a 
private  right,  like  punitive  damages,  is  involved  the  State  need 
only  show  rationality. 

3  .   Limitations  on  Recovery  of  Compensatorv  Dar.aces  acainst  the 
State 

Between  1983  and  December  31,  1985,  the  State  was  not  liable 
for,  "...damages  suffered  as  a  result  of  an  act  or  omission  of 


The  state  and  other  governmental  entities  are  immune  from 
exemplary  and  punitive  damages.  §  2-9-105,  MCA,  (1985). 
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an  officer,  agent,  or  employee  of  that  entity  in  excess  of 
$300,000  for  each  claimant  and  $1  million  for  each  occurrence." 
§  2-7-107(1),  MCA,  (1985).    Further,  no  insurer  was  liable  for 
damages  in  excess  of  those  amounts  unless  the  insurer 
specifically  agreed  by  written  endorsement  to  be  so  liable. 
§  2-9-107 (2)  ,  MCA,  (1985)  . 

In  White ,  supra,  in  addition  to  punitive  damages,  these  limits 
and  absolute  State  immunity  from  non-economic  damages  (pain  and 
suffering)  were  in  issue.   Both  these  particular  limits  and  the 
absolute  immunity  from  non-economic  damages  were  struck  under 
the  strict  scrutiny  analysis.   The  Court  held  that  the  right  to 
full  redress  for  all  injuries  was  a  fundamental  right,  and 
limitations  thereon  were  subject  to  the  strict  scrutiny  or 
compelling  state  interest  test. 

The  State  argues  that  it  has  shown  a  compelling  state 
interest  in  "insuring  that  sufficient  public  funds  will 
be  available  to  enable  the  State  and  local  governments 
to  provide  those  services  which  they  believe  benefit 
their  citizens  and  which  their  citizens  demand." 
....The  District  Court  found  that,  "this  'bare 
assertion,'  however,  'falls  far  short  of  justifying'  a 
discrimination  which  infringes  upon  fundamental 
rights."   We  agree.... We  recognize  that  some  limit  on 
the  State's  liability  may  comport  with  the  constitu- 
tional guarantees  of  equal  protection.   However,  such  a 
limitat_on  cannot  discriminate  between  those  who  suffer 
pain  and  loss  of  life  quality  and  those  who  primarily 
suffer  economically. 

White,  at  510. 

In  1983,  the  legislature  responded  to  White  by  repealing  the 
faulty  statute,  and  enacting  the  same  monetary  limits  on  all 
recovery  against  the  State,  preceded  by  a  lengthy  statement  of 
legislative  findings  designed  to  create  the  evidence  needed  to 
show  a  compelling  state  interest  and  withstand  a  strict  scrutiny 
test.   This  attempt  was  to  no  avail,  however,  and  in  Pfoft  v. 
State,  42  St.  Rep.  1957  (1985)  ,  the  Supreme  Court  again  struck 
the  statutory  limitations. 
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At  the  June  1986  special  session,  that  is,  before  the  passage  of 
CI  30,  and  in  response  to  Pf of t ,  the  legislature  again  amended 
the  statute.   The  governmental  liability  limit  was  temporarily 
raised  to  $750,000  for  each  claim  and  $1.5  million  for  each 
occurrence.   §  2-9-107  (temporary),  MCA.   En.  Sec.  2,  Ch.  22, 
June  1986.   After  June  30,  1987,  this  limit  is  repealed,  and 
absent  further  legislative  action,  unlimited  liability  would  lie 
against  the  state.   After  the  special  session  however,  CI  30 
passed,  so  legislative  action  in  1987  is  certain.   Until 
otherwise  judicially  decided,  between  July  10,  1985  and  June  30, 
1987,  these  limits  apply.   Dvorak  and  Jacaues,  supra.   The  law 
in  effect  at  the  time  of  injury  applies. 

3 .   Statutory  or  Rule  Violation 

Where  dam  operation  is  not  lawful,  as  mav  be  the  case  with  the 
Tongue  River  Dam,  negligence  may  be  shown  by  merely  proving  the 
statutory  violation.   (see  below  for  discussion  of  rule  versus 
statutory  violation)   The  new  Dam  Safety  Law  provides: 

Except  as  provided  in  subsection  (2),  nothing  in  this 
chapter  relieves  an  owner  of  a  dam  or  reservoir  of  any 
legal  duty,  obligation,  or  liability  incident  to  its 
ownership  or  operation,  including  any  damages  resulting 
from  leakage  or  overflow  of  water  or  floods  caused  by 
the  failure  or  rupture  of  the  cam  or  reservoir. 

(2)  The  owner  of  a  dam  or  reservoir  that  has  been 
permitted  by  the  department  in  accordance  with  this 
chapter  is  not,  in  the  absence  of  negligence,  liable 
for  damages  resulting  from  flows  of  water  from  the  dam 
or  reservoir  which  are  of  sufficient  m^agnitude  to 
exceed  the  limits  of  the  100  year  floodplain  as  defined 
in  76-5-103.   In  addition,  the  owner  of  any  dam  or 
reservoir  that  has  been  permitted  by  the  department  in 
accordance  with  this  chapter  may,  without  incurring 
liability,  allow  passage  through  the  reservoir  of 
inflows  without  diminution. 

§  85-15-305,  MCA. 
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A  logical  reading  of  the  statute  indicates  that  it  merely 
restates  the  common  law,  except  that  subparagraph  2  appears  to 
insulate  from  liability  a  permitted  dam  owner  who  allows  all 
inflows  to  pass  through  a  reservoir. 

Because  operation  of  any  particular  dam  is  not  illegal,  there  is 
normally  no  negligence  per  se.   Of  course,  the  reverse  of  that 
is  that  if  the  dam  were  being  operated  unlawfully,  all  a 
plaintiff  need  prove  is  violation  of  the  law,  and  negligence 
would  autom.atically  be  shown.   Jef  f  ers,  supra,  Hecka~an,  inf  ra. 
If  operation  of  the  dam  violates  the  statute,  and  that  violation 
is  the  proximate  cause  of  the  damage,  the  state  will  be  liable. 
Kudrna  v.  Comet  Corp. ,  175  Mont.  29,  572  P. 2d  183  (1977). 

Clearly  any  violation  of  the  statute  is  likely  to  be  found  to  be 
the  proximate  cause  of  any  flood  damage.   The  proximate  cause 
connection  is  used  to  deny  per  se  liability  where  the  statutory 
violation  is  not  connected  with  a  particular  accident,  as  for 
example,  where  an  ice  cream  store  Kay  have  violated  a  milk  price 
control  law,  but  that  violation  would  not  be  connected  with  a 
patron  slipping  and  falling  on  a  slippery  floor  in  the  parlor. 
The  dam  safety  act  being  intended  to  safeguard  lives,  the 
applicable  rule  in  Montana  is,  "...the  violation  of  a  statute 
enacted  for  the  safety  of  the  public  is  negligence  per  se." 
Kudrna,  at  39,  quoting  Rader  v.  Nicholls,  140  Mont.  459,  562, 
373  P. 2d  312  (1962).  'The  statutes  requiring  a  railroad  to  build 
its  culverts  safely  are  a  good  aralocy.   In  Peel ,  infra,  it  was 
held  that  a  railroad  which  violated  statutes  codifying  the 
common  law  requirement  of  safe  construction  of  culverts  would  be 
negligent  per  se.   See  Formicove,  Inc.  v.  Eurlincton  Northern, 

Inc. ,  Mont. ,  673  P. 2d  469  (1983)  ,  for  construction  of  a 

statute  as  imposing  an  affirmative  duty  on  railroads  to  build 
the  necessary  ditches  to  drain  off  surface  waters  obstructed  by 
its  embankments. 

Although  violations  of  statutes  enacted  for  the  public  safety? 
when  the  proximate  cause  of  damage,  are  negligence  per  se, 
violations  of  administrative  rules  enacted  pursuant  to  those 
statutes  are  only  evidence  of  negligence.   Whether  the 
legislature  incorporates  by  reference  the  administrative  rules, 
thereby  elevating  them  to  the  status  of  statutory  law,  is  a 
question  of  fact  and  law  in  each  case,  Stepanek  v.  Kober 

Construction,  Mont. ,  625  P. 2d  51  (1981);  Cash  v.  Otis 

Elevator  Co. ,  Mont.     ,  684  P. 2d  1041  (1984). 
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In  Cash,  the  plaintiffs  argued  that  the  legislature  mandated  the 
adoption  of  the  administrative  safety  code,  and  that  violation 
of  the  rule  was  therefore  negligence  per  se.   "...the 
legislature  did  not  incorporate  this  administrative  code  by 
reference.   The  legislature  simply  mandated  that  the  Department 
of  Administration  adopt  rules.   The  Department  did  so.   The 
legislature  did  not  act  further  to  adopt  those  rules.   Under 
these  circumstances,  the  administrative  code  does  not  become 
part  of  a  statute  by  reference.   Therefore,  violation  of  the 
code  is  evidence  of  negligence  rather  than  negligence  per  se." 
Cash  at  1045. 


In  Lutz  V.  United  States 
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,  685  F.2d  1178  (1982),  in  necessarily 
scuEsed  per  se  negligence  following  from, 
r  ordinance,  "For  this  rule  to  apply, 
member  of  the  class  against  whom  the 
tate. . . ;  and  the  defendant  must  be  a 
nst  whom  a  duty  is  imposed."   Lutz  at 

then  applied  state  law  and  determined 
Malmstrom  was  closely  akin  to  a  city 
e  size  of  the  base  and  the  regulatory 
e  it  found  the  regulation  to  be  more 
ce  than  an  administrative  regulation, 
gligence  per  se,  rather  than  mere 


Dam  Gvr.er's  Liability 


Federal  Land  Bank  v 


Since  dam  operation  generally  is  lawful,  

Morris,  112  Mont.  445,  116  P. 2d  1007  (1941),  negligence  must  ne 
pled  and  alleged.   The  normal  maintenance  of  a  dam  and  resulting 
norm.al  water  level  fluctuations  and  hydrologic  conditions,  eg., 
icing,  run-off  changes,  etc.,  are  not  a  nuisance  per  se. 
Jeffers  v.  Montana  Power  Co.,  68  Mont.  114,  217  P.  652  (1923). 
pounding  water  are  held  to  normal  standard  of  carec 
ses  arose  from  a  1929  flood  in  Wibaux,  alleged  to  have 
vated  by  an  inadequate  railroad  bridge.   In  Heckaman  v 

ac.  Rv.  Co.,  93  Mont.  363,  20  P. 2d  258  (1933),  the 

defendant  relied  on  three  legal  defenses:   a)  that  any 
negligence  must  date  from  the  design  and  construction  of  the 
faulty  embankment  in   1898,  so  the  cause  was  barred  by  the 
statute  of  limitations,  b)  plaintiff  acquired  property  with 
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knowledge  or  at  least  subsequent  to  the  danger  and  the  presence 
of  the  bridge  so  took  the  property  subject  to  the  hazard,  and, 
c)  the  flood  was  so  great  that  it  was  properly  found  to  be  an 
unforseeable  act  of  God,  for  which  the  defendant  cannot  be 
liable. 


The  statute  of  limitations  and  pre-existing  d 
failed  because  the  cause  of  action  did  not  ac 
property  damage  occurred.   The  Act  of  God  def 
the  defendant  had  already  been  found  negligen 
obstructed  the  predictable  flow  of  the  river. 
"The  general  rule  is  that  the  plaintiff  is  re 
and  prove  actionable  negligence;  a  duty  owing 
defendant,  and  its  breach;  negligence  in  the 
maintenance  of  the  embankment  which  constitut 
cause  of  the  damage  he  suffered,"  at  376.   Th 
statutorily  bound  to  restore  any  streams  or  w 
crossed  to,  "its  former  state  of  usefulness, 
or  so  that  the  railroad  shall  not  unnecessari 
usefulness  or  injure  its  function,"  at  378. 
maintain  is  continuing,  and  construction  appe 
that  time  must  be  altered  if  subsequent  event 
prove  it  to  be  inadequate.   The  plaintiffs  in 
the  1929  flood  to  be  predictable  based  on  the 
flood  in  1904,  1921,  and  that  the  bridge  had 
to  pass  those  flows. 
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The  Court  in  Heckaman  corrected  an  offered  instruction  more 
accurately  to  reflect  the  law.   Corrected,  it  reads: 

Before  the  plaintiff  can  recover  against  the 
defendants,  the  plaintiff  m.ust  prove  that  a  proximate 
cause  of  the  damage  to  plaintiff's  property  was  the 
negligence  of  the  defendants;  it  must  appear  from  the 
evidence  that  the  damage  was  the  natural  and  probable 
consequence  of  the  negligence  of  the  defendants  and 
that  damage  ought  to  have  been  foreseen  by  the 
defendants  in  the  light  of  the  attending  circum- 
stances.  The  first  requisite  of  a  proximate  cause  is 
the  doing  or  omitting  to  do  an  act  which  a  man  of 
ordinary  prudence  could  foresee  might  naturally  and 
probably  produce  damage  and  the  second  requisite  is 
that  such  act  or  omission  did  actually  cause  the 
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damage.   If,  therefore,  you  find  from  a  preponderance 
of  the  evidence  that  in  constructing  said  embankment 
and  openings  therein,  as  they  existed  at  the  time  of 
this  flood,  a  person  of  ordinary  prudence  would  not 
have  foreseen  the  flood  of  June  7,  1929,  or  if  you  find 
that  the  property  of  the  plaintiff  would  have  been 
damaged  had  said  embankment  and  openings  therein  never 
existed,  then  the  construction  of  said  embankment  and 
openings,  as  the  evidence  shows  the  same  existed,  was 
not  a  proximate  cause  of  the  damage  to  plaintiff's 
property  and  the  defendants  are  not  liable  in  law. 

In  Wibaux  v.  Northern  Pacific  Railway,  Co.,  101  Mont.  126, 
54  P. 2d  1175  (1935),  the  Court  affirmed  that  a  dam  owner  is 
held  to  a  normal  standard  of  care,  and  is  not  an  insurer 
for  all  dam.ages  resulting  from  the  prudent  operation  of  a 
dam.   Plaintiffs  sued  Northern  Pacific  Railway  for  flocd 
damages  arising  from  the  concurrence  of  an  Act  of  God  and 
the  defendant's  negligent  design  of  a  railway  embankment 
and  bridge.   The  plaintiffs  in  Heckaman,  supra,  arising 
from  the  same  occurrence,  prevailed,  buc  those  in  Wibaux 
did  not.   The  Court's  discussion  of  instructions  in  issue 
again  indicated  its  preferred  evidence. 

In  substance,  the  instruction  counsel  contend  for 
would  hold  defendant  liable  without  allowing  the 
history  of  the  stream  or  of  any  flood  prior  to  1929  at 
Wibaux  to  be  considered.   In  our  opinion,  these  are  the 
most  essential  elements  that  could  be  employed  to 
measure  the  skill,  care  and  prudence  necessary  in  the 
premises.   From  such  sources,  the  knowledge  is  acquired 
by  which  the  essential  degree  of  care,  prudence  and 
skill  is  measured. 

Wibaux  at  133 . 

The  railroad  having  been  overruled  on  its  legal  defenses  in 
Heckaman,  Wibaux  established  a  strong  factual  record  that  the 
bridge  had  not  actually  been  inadequate  to  pass  prior  floods, 
that  it  had  not  actually  had  notice  of  the  town's  allegation 
that  the  opening  in  the  bridge  was  inadequate,  and  that  the 
flood  was  of  an  unprecedented  magnitude.   Although  the  lower 
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court's  record  was  conflicting  in  Wibaux ,  the  Supreme  Court 
found  substantial  credible  evidence  to  support  the  verdict. 
Interestingly,  the  evidentiary  rulings  by  the  trial  court  judges 
made  the  difference  between  these  two  cases. 

The  ability  of  a  structure  safely  to  have  passed  all  prior 
floods  seems  a  key  factor  in  the  negligence  determination.   In 
Peel,  et  al.  v.  Chicago,  Milwaukee,  Ft.  Paul  &  Pacific  Railroad, 
94  Mont.  334,  22  P. 2d  617  (1933),  the  Court  reversed  a  jury 
verdict  for  plaintiffs  because  the  evidence  showed  the  storm  was 
far  greater  than  the  normal,  predictable  spring  floods,  and  that 
the  structure  had  safely  passed  all  prior  floods.   Although  it 
was  found  that  flooding  was  relatively  common,  all  prior  "usual" 
floods  had  been  no  problem  for  the  structure,  so  no  negligence 
existed  even  though  che  structure  could  not  withstand  the  Act  of 
God  flood.   The  Court  held,  "When  a  railroad  corporation 
constructs  and  maintains  culverts  and  bridges  which  are  in  fact 
insufficient  properly  to  provide  for  the  passage  of  such  waters 
as  are  reasonable  to  be  expected,  then  it  violates  the  statute 
(Rev.  Codes  1921,  sec.  6507,  sub.  5)  and  by  virtue  of  such 
violation  becomes  negligent  per  se,"  Peel  at  341. 

The  differing  results  in  Heckam.an  and  Wibaux  illustrate  the 
importance  of  the  factual  record.   Here,  of  course,  we  are 
dealing  with  a  predicted  failure.   It  could  be  inferred  from 
these  cases  tha^  failure  to  correct  a  predicted  failure  is 
r.-^gligence  per  se.   In  Earr  v.  Game,  Fish,  and  Parks 

Commission,  Colo. ,  497  P. 2d  340  (1972),-  the  dam  owner 

was  liable  for  damages  caused  after  a  flood  event  of  158,000 
cfs,  where  the  spillway  as  built  would  pass  only  4500  cfs  but 
the  spillway  capacity  as  oriainallv  designed  was  33,800.   The 
PMF  was  200, coo'.   Section  85-15-30  5(2),  MCA,  (1985),  arguably 
sets  the  "Act  of  God"  defense  at  the  100  year  floodplain.   That 
is,  any  dam  capable  of  passing  up  to  the  am.ount  should  be 
'safe. ' 


5 .   Agency  Considerations 

Regarding  who  will  be  the  liable  entity,  the  owner/occupier  will 
be  liable  whenever  it  knew,  or  should  have  known,  of  the 
unreasonably  dangerous  condition.   An  agent  of  the 
owner/occupier  will  share  liability  only  when  the  agent  is  in 
control  of  the  premises,  and  has  the  duty  and  means  to  correct 
the  faulty  conditions.   The  agent  must  be  responsible  for  the 
site,  and  have  the  authority,  duty,  and  means  to  act. 
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It  is,  of  course,  essential  to  the  liability  of  the 
agent  in  these  cases,  that  he  shall  be  responsible  for 
the  condition.   If  the  premises  were  in  the  defective 
condition  when  they  came  under  his  charge,  and  he  has 
neither  the  power  nor  the  authority  to  change  them,  or 
if  the  defect  arose  while  they  were  in  his  charge,  but 
he  had  no  power  or  authority  to  correct  it,  he  could 
ordinarily  not  be  held  responsible. 

Richland  County  v.  Anderson,  129  Mont.  559-567,  291  P. 2d 
267  (1955)  . 

And,  if  that  agent  is  an  independent  contractor  instead  of  an 
employee,  (s)he  will  be  liable  for  punitive  damages,  i.e.  is  not 
entitled  to  immunity  from  punitive  damages,  or  to  the  upper 
limit  on  the  State's  damages.   Kyriss  v.  State,  707  P. 2d  5 
(1985)  . 


6 .   Damage  Apportionment 

Regarding  apportionment  of  damages,  Heckaman  held  that,  "If  in  a 
given  case,  it  is  conceded  or  shown  rhat  damage  would  have 
resulted  regardless  of  the  existence  of  an  embankm.ent,  but 
additional  damage  was  suffered  by  reason  of  the  negligent 
maintenance  of  the  embankment,  the  plaintiff  miust  produce 
evidence  as  to  the  amount  of  damace  for  which  defendant  is 
liable, "  at  388. 

The  magnitude  of  flood  damage  needn't  be  foreseen  if  the  type  or 
fact  of  damage  is.   "For  the  breach  of  an  obligation  not  arising 
from  contract,  the  measure  of  damages,  except  where  otherwise 
expressly  provided  by  this  code,  is  the  amount  which  will 
compensate  for  all  the  detrim.ent  proximiacely  caused  thereby, 
whether  it  could  have  been  anticipated  or  not."   §  27-1-317, 
MCA,  (1985)  . 

Given  the  importance  of  the  record,  as  demonstrated  in  the 
opposite  verdicts  in  Heckaman,  and  Wibaux  Realty,  supra,  further 
research  is  necessary  to  estimate  parameters  for  probable 
liability  amounts. 
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7 .   Elements  of  Compensatory  Damages 

Currently,  the  State  would  be  liable  for  damages  proximately 
caused  by  its  negligence.   This  includes  econom.ic  and 
non-economic  damages.   Economic  dam.ages  are  those  calculated  on 
the  basis  of  calculable  loss,  eg.,  lost  or  diminished  capacity 
of  an  individual,  business  entity,  land,  medical  costs,  housing 
and  property  damages,  etc.   Non-economic  damages  include  loss  of 
consortion,  pain  and  suffering,  reduced  capacity  to  enjoy  life, 
etc.   White,  supra,  Pf of f ,  supra.   For  all  deaths,  the  liable 
party  must  answer  for  the  decedent's  own  causes  of  action,  which 
survive  the  death,  as  well  as  causes  of  action  for  'wrongful 
death'  through  which  parties  injured  by  the  death  bring  action 
for  their  own  injuries.   Swanson  v.  Champion  International 
Comp. ,  197  Mont.  509,  646  P. 2d  1166  (1982). 

The  death  does  not  extinguish  any  causes  of  action  the  decedent 
had,  and  these  pass  to  the  estate  the  personal  representative 
then  brings  the  action  on  behalf  of  the  estate,  and,  proceeds 
therefrom  are  an  asset  of  the  estate  like  any  other.*   This  type 
of  action  includes,  for  exam.ples  claims  for  money  judgm.ents,  or 
actions  for  breach  of  contract  obligation,  as  well  as  damages 
for  personal  pain  and  suffering  and  injury. 

The  parents  or  guardian  of  a  minor  miay  bring  suit  for  his  or  her 
injury  or  death^   §  27-1-512,  MCA,  (1985).   The  heirs  or 
{.ersonal  representatives  of  the  adult  decedent  are  empowered  to 
bring  the  wroncful  death  action  for  their  own  injuries. 
§  27-1-513,  MCA,  (1985) . 


*  Section  27-1-501,  MCA  (1985),  provides,  "An  action  does  not 
-abate  because  of  the  death  or  disability  of  a  party... but 
whenever  the  cause  of  action  or  defense  arose  in  favor  of  such 
party  prior  to  his  death  or  disability. .. it  survives  and  may 
be  maintained  by  his  representatives  or  successors  in 
interest." 
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8 .   Financial  Feasibility  of  Repair 

Lack  of  funds  to  repair  the  dam  is  no  defense.   That  is,  the 
State  is  not  absolved  from  making  the  dam  safe  merely  because  it 
is  financially  incapable  of  doing  so.   In  State  v.  District 
Court,  175  Mont.  63,  572  P. 2d  201  (1977),  the  Court  held: 

Financial  feasibility  or  discretion  "...is 
no... defense  under  the  common  law,  any  Montana  Statute, 
or  Montana's  Constitution."   The  defense  rests  on  the 
premise  that  because  the  legislature  fails  to 
appropriate  sufficient  funds  to  deal  adequately  with 
all  of  the  hazards  in  the  state  highway  system  the 
Department  of  Highways  must  exercise  its  discretion  in 
allocating  funds  to  deal  with  these  hazards,  and  should 
not  be  held  accountable  when  it  can  be  shown  that  it 
was  negligent  in  doing  so. 

As  noted,  the  Tort  Claims  Act  attached  liability  to 
the  State  in  the  same  manner  and  to  the  same  extent 
that  liability  attaches  to  a  private  person.' 
[citation  omitted]  .   There  is  no  comm.cn  or  statutory 
law  which  permits  the  driver  of  a  brakeless  car  to 
plead  he  could  not  afford  brakes  because  he  had  decided 
it  was  more  important  to  pay  his  grocery  bill.   When  he 
drives,  the  motorist  assumes  the  duty  of  driving  a  safe 
car.   If  he  fails  to  discharge  that  duty  and  that 
failure  results  in  injury  he  is  liable,  regardless  of 
his  personal  financial  priorities.   So  too,  with  the 
State.   Whenever  and  wherever  it  chooses  to  build 
highways,  it  assumes  the  duty  of  building  and 
maintaining  them  safely  and  is  answerable  if  it  fails 
to  do  so.   This  does  not,  as  argued  by  relator,  make 
the  state  an  insurer  any  more  than  it  makes  a  private 


This  is  not  entirely  true  since  that  Act  also  established  a 
predecessor  to  the  existing  upper  limit.   The  upper  limit  was 
not  in  issue  in  this  case. 
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party  an  insurer.   The  negligence  of  the  state  must 
still  be  proven.   It  simply  withholds  from  the  State  a 
defense  a  private  party  never  had. 

State  at  67. 

This  hard-line  was  softened  in  Modrell  v.  State,  179  Mont.  498, 
587  P. 2d  405  (1978)  .   Another  highway  case,  Modrell  held  that 
while  financial  feasibility  is  not  a  defense: 

We  can,  however,  carry  this  analogy  only  so  far.   The 
State's  duty  to  maintain  and  design  safe  highways  is 
different  than  the  duty  of  a  driver  to  drive  a  safe 
car.   Clearly,  evidence  of  a  driver's  decision  to  pay 
for  groceries  before  brakes  is  irrelevant  on  the  issue 
of  an  allegedly  breached  duty  of  care.   It  has  no  legal 
bearing  on  the  course  of  conduct  taken.   But  the  duty 
of  the  state  to  construct  and  maintain  roadways  in  a 
reasonably  safe  condition  stands  on  a  different 
footing.   Factors  entering  into  the  decision  to  elect 
one  alternative  over  another  are  relevant  to  the  extent 
that  they  bear  as  evidence  in  the  reasonableness  of  the 
decision.   The  alternatives  selected  roust  be  realistic, 
viable  and  subject  to  the  state-of-the-art 
limitations.   Obviously,  cost  must  be  a  factor. 

To  be  sure,  reliance  on  cost  as  the  sole  and 
determining  facrcr  would  be  tantamount  to  assertion  of 
a  financial  feasibility  defense  and  therefore 
impermissible.   However,  where  cost  is  but  one  among 
many  factors  affecting  the  State's  choice  of  a 
particular  method  of  construction  or  m.aintenance  of  it 
is  relevant  evidence  on  the  reasonableness  of  the 
alternative  taken. 

Modrell  at  500,  501. 

The  proper  instruction  was,  "If  you  find  the  defendant  negligent 
in  planning  or  constructing  or  maintaining  the  highway  in 
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question,  you  may  not  excuse  such  negligence  on  the  ground  that 
proper  construction  was  beyond  the  financial  means  of  the 
State.   Cost  is  not  factor  in  duty  of  the  State  to  plan, 
construct  and  maintain  its  highways  in  a  reasonable  safe 
condition."   Modrell  at  501. 

Hence,  the  State  has  a  duty  to  maintain  the  dam  in  a  reasonably 
safe  condition,  regardless  of  cost.   The  means  by  which  this 
safety  is  achieved  may,  however,  be  partially  dictated  by  cost 
concerns. 
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ALTERNATIVE  B,  SPILLWAY  CAPACITY  -  382,000  {100%  PHF ) 
LOSS-OF  LIFE  PROBABILITIES 
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LOSS-OF -LIFE 

PROBABILITY 

0    TO    15 

0    TO    25 
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HYDROLDGIC  EVENT  LOSS-OF-LIFE 

PROBABILITY 

•              0    TO    15 

3.30E-06 

•        MORE  THAN         15 

O.DOE+00 

>•••••••••• 

SEISMIC  EVENT 


LOSS-OF-LIFE 


PROBABILITY 


• 

• 

0 

TO 

25 

1.00E-06 

• 

MORE  THAN 

25 

O.DOE-OD 
i****««****«****> ••••••••••••• 

STATIC  EVENT 


PROBABILITY 


0    TO    25 

MORE  THAN        25 
•••••••••••••••••••••••••••••••••••••• 


5.24E-05 

O.OOE+OO 


••••••••••••••••••••«••»•••••••••••••••«•• 


-ftS 


::3i 


::3S 


£f  0? 


-* 

is 

IT 
—  O    -J 

S5^ 


~il 


i:£J: 


ICO  CO  CO  mo  AO  loo  mo  eo  no  co  ao  lOO  eo  no  tno  mo 

§°  55  5S  °o  &C3  op  oo  oo  po  oo  oo  oo  oo  oo  oo  Oo 

°  2°  9°  £°  H°  CO  po  po  po  oo  po  DO  go  pS  So  oc 

n;  OO;  oc^  opd  ofj  ccxi  ocij  orj  opj  ofy  oc^  opj  or\:  ccv  Or^  O- 

mo  mo  mo  mc  mo  mo  mo  mo  mo  iro  mo  mo  mc  mo  md  m- 

^O  f^O  r^  O  fvo  to  rvo  fvo  rvc  r^o  r^o  r^O  ko  rs-o  rso  r^o  r^  c 

oo  oo  oo  oo  oo  oo  oo  oo  oo  oo  oo  oo  oo  oo  oo  oo 

oo  oo  oo  oo  oo  oo  oo  oo  oo  oo  oo  oo  oo  oo  oo  o*o* 

-i  -i  'I  ^1  -|  -§  -|  -g  -I  -I  -|  -|  -|  -|  ^1  ::| 

ujujulu  ujujCu  CuiUiu)  CuCk*. 

^S  uj  a,  wS  iLiS  ujE  ujE  w£  uE  UiZ  j^S  u^a  ^a  uS  ^^  1^^  i^E 

em  ££03  ccm  Em  am  sra  as  ecd  Sm  am  crm  sm  Em  so  ecc  ecm 

|g  |g  |g  |g  |g  |g  |g  |g  |g  |g  |g  |g  |g  |g  Sg  Sg 

om  om  oo  oo  os  om  oo  om  oo  om  offi  om  om  co  oo  oo 


no    o    o    o   OD   o 
rs.   o    o    o    o   V   o 


o   o   o    o 


g     s 


8  - 


ii£ 


! 

s 


II 


5       £      t 
<       ^      ^ 


;^     2 


5       5       t 


u.  -r 


c? 


_5 

CD  *-   1 


:    5; 


a.  a. 

s 

-* 

11 


o 

-Is 


ES! 


8g    8g 


8i    g 


8| 
£g 


or,        O  g 


•8    "! 


•8      'i 


-8 


rs 


^■3  ^E      "i 


^  C  C  uJ 

ul       ^S       ujE       ^E 


C        C        £        C        ^5     ^C     ^t     ^£ 

jg   51   H   *-     i-   ^-  ^ 

£s       £c       am       am  Scd       cco 


C        Cu        lu        c 

is    Is    g; 


Is   Is  Is  Is  Is 
!»  !5  !§  15     15  I?  15  |§     I!  1§  P  ii     ii  i^  |5  II 


<  -I 


g  8 


8   8 


8   8   S 


8   IS   8 


-)ti 


^  ii 


tt     It"- 

! 
g 


eS 


-feS 


■}  o      no  no      CO 


»* 


o  o 

1° 

O  Q 

Pi 

f^  o 

o  o 

r^  o 
o  o 

o  o 

o  o 

o  o 

o  o 

8g       SS    8 


&   ss 


-3^ 


js  ;s  ;s  J!!j     Jft  ?J^ 

•-0        *-o        --O        w-P  «-o        •-0 

o  o  o  o  o  o 


'8 


■3£ 


<  r 


Lj  UJ  u  Lu 

-      -    -  - 


C        C        C  C         u         C        iu 

US      ujE      ^  &  Cs      u£      U& 


£; 


|g  J5  |B  15   J8  |5  IS  T5   TB  |8  TS  |i 

4lJJ  <UJ  <UJ  <LU  9uj  <L1J  <LLJ  Su.  <Lu  <UJ  VLU  <f 

-—       -—       -—       -—  -—       -—       -—       --  QQ)      o  a      a  to      oc 


)S      OS  oa      am      ot 


=  $, 


a.  a 

s 

-* 

-  o 

11 


o  o  CD  n^o  o  m  tnoo  o 

ooooooooo  oo 

ujujujujOujuji^X  UJLJJ 

oooooooom  oo 


o  o  o  o  o  o 


<— a  LLi  z 


. 

S 

^        . 

. 

s; 

&     1 

' 

5 

& 

' 

o 
o 

8 

o 
o 

8 

S       S 
°       5. 

g 

8 

i     i 

o  o 

o 

g 

o 
o 

g 

o 

o 
o 

-feS 


2;£g 


K     i 


It"- 


! 


It"- 


^     g     si 


Al 


-hi 


:i2i2 


o   to 

—  < 

-Is 

-* 

^  O 


-feu: 
1*^ 


-uj  a. 


:2^ 


«3  o   mo   «  o 


§00  00  00  PO  op  00  00 

00  so  DO  00  00  DO  00 

JS    g^  SS  S8  Sg  SS  5&  5SK 

—       --  -■=  -—  -.0  r^o 


i&   ss 


goo  00  00 

CO  00  CO 

Bo  ^i  o  Cw  e  r. 

in   b  .ft  n  ■-«>:: 
.  O         h.  O 


§1  ii  if 


3  0 

0    0 

0  0 

0  0 

S5 

00 

0  0 

55 

00 

0  0 

0  0 

0  0 

0  D 

bo 

0  c 

0  c 

3  0 

0    0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

D  D 

0  0 

0  0 

0  0 

00 

F-    0 

0 

-8 

I9i 

'1 

'8 

'8 

'8 

-8 

^  0 

0 

w  0 

0 

'8 

'1 

'8 

^1 

CuwC  C^L^u  wCuuiui  ujCuju. 

^S       ^£       ^&      wS  ui  c       ^s      ^5       ^B  ^E       ^S      ^5       ^cc  uS       )^E       ^£      ^a 

ccffi      Sm       acs      as  as      so       Km       ceo  kcd       ao      am      Sm  ecd      am      izo      so 

|g    |g    5g    |g  |g    |g    |g    |g  jg    |g    |g    |g  ¥g    |g    |g    |g 


QIC      OS      oec  om      o( 

8 


OS       o  c 

g 


o  o  0^0 

o  o  poo 


£    S 


^      g     K 


000 


!^       |g 


DO  00 


i    !     I    I 

§i  ri  ri  03 


„•      I      5 

i        i        !^ 

•MHO 


cn«-D  o  p  D  ^O  O  D 

",    ^       °       8       8         I       i       8 

^OOOD  000 


D  o  «-  ; 


*^s     i      i 

-*  o  a  <  « 

u.  z  en  »-  a. 


S 

8    - 

CE  O  « 


It"- 


It"-  g  B  It"-  s 

g       -K  5  £  i       -fi  £ 

I   ri^  I  ^  I    ri^  I  ^    i   ^ 

t         < -i  S  z  t=         *  ~*  ^  ^         tr         < 

IE              U.^  ^  *—  EC               IL^  —1  •^              K              IL 

!                         ?  ? 

i                 ^  g 


n 


M         t->          a 


-fts; 


-li 


r.3i 


-  < 

t-  o 
<  c 
a  Q. 

-* 

•  a 

11 

IX 

-  O         -I 


-Iff 


-S8 


-2ff 


-2i 


)  o      no  no 


go       Q  o       p 
cu       o  r^       o 


Si     gg    S£j       S&J 


8S        QO        DO  CO        oo        p 

^       Oc^       oru  otu       a  c^       a 


ss 


Ro   op   tf^b   oo  -.  . 

Dr>.Of^Of^o  f-.<_ 

OO      OO    OO    OO    OO  OO    DO    OO    0( 

OO      OO    OO    OO   OO  OO    DO    OO    ot 


go  go  O   O  DC 

^       O  cNj       or.       B  ; 


'.?i  JS  J8  zs 

8«-  o      «-  p      *-  o 
s  o  o 


'g     ^\ 


-g 


lj         C         C         ui 


C  Uj  C  Ui 

^£      uS      u5      ujS 


>-z       >-z       >-z       >-S  >-iE       ^Z       >-Z       >-z 

ua       ua       ^a       ^C:  ^c       j^QT       mc:       u.a 


■  5  |5  |5  |5     !E§  I?  I?  |5     |§  |5  |5  15     15  15  i5  |5 


OS         OS  0(B         OB         Offi        OC 

g 


O  O         OB         O  ( 

8 


OS        O  C 

s 


8    g 

O  * 


g  g 


&       Ss 


LL 

U. 

u. 

^"- 

u. 

u. 

o 

o 

o 

g 

o 

g 

g 

g 

g 

O 

o 

g 

g 

g 

o 

o 

y. 

o  o 

g 

° 

°. 

It  "■  O  i^  It  "■ 

•am  lu  •->  z            «fl  m 

Is  B  "  ?       ~^ 

3^  S  i 


85 


fe       2d       5 


£s 


::3; 


.8 

:32 


O         K  O 

—  < 

*-  o 
a  a 

8_ 

•—  <   ^  U 

w.  < 

a  uj  ^ 
o  a  — 


-if  s; 


::££ 


■DO      iDO       mo      CO  oo  oo  no  lOO  rio  tno  tf)0  mdo 

ODfU          BCVj          (DCb          GOtVi  ODOJ  ODOj  (Sn.  SOj  OCkj  €D   C\J  tD  C\i  tD  Cu 

oo   oo   oo   oo  oo  oo  op  OO  OO  OO  O  Q  Op 

8S8g8g8S  8g8g8s8g  8S§S8£8g 

CO   *)0   no   ino  cp  r)0  mc  too  mo  «ro  mg  ino 

KO   KO   fvO   r*.o  Ko  *^P  '^P  ^^o  KC  fvo  r^O  r^O 

oo   oo   oo   oo  oo  oo  oo  oo  oo  oo  oo  oo 

oo   oo'   oo   oo  oo  oo  oo  oo  oo  oo  oo  oo 

rs  r?!  r?i    2S  Ja  I9i  JR  JS  rs  ;?!  JPi  rs 

^p      •-P      ^o      •-o  *-p  ^o  w-  a  w-o  ^p  ^o  *-o  v-o 
Sooo               oooo               oooo 

CuJCiL  CCujLu  CuLuUj 

>S       >-E       >-*       >-z  ^S  ^^  >*S  *"Z  ?"*  >-£  >-Z  >■£ 

wS      wE      ^s      i^c  ^cz  ^c  i^cc  ^s  ^cr  uS  uc  wcc 

|8  |8  |g  fg  |8  |8  |B  |B  JB  TB  |8  |g 

ooD      oo      o(B      om  OS  oo  OS  oo  ocD  oo  offi  oo 

S  E  8 

o  o  o 

o  o  o 

S  E  8 


!    ^    ? 

^     jg      ^ 


8       S 


o  o  cp 

^     ^     g 


oooo 


o  o  o 


o      o 

8 


I  I 


&     fe 


'g       8 


g       gg       g       8       8       °g 

Stoaoto  o 

O  O  O  ^  CD  O 


O  O  o 


! 

g 


o  — 
o  n 


it--     g 


It--     I     tt 


s     s 


&       u.;j       _j       "■       tt       U.-I 

^     si     H     s:     ^     i^ 


R:^ 


-ft* 

^* 

£8 
2£ 

Z 

o 

§: 

0.  < 
CO    H>  ^ 

•-  <  m 


£? 


^1  = 

<  = 

a  a. 

8 

<D  y      I 

-* 


O 


-SSI 


•  o      *>  o      «- o      «- o      ^o 


oo  oo  oo  op  og 

go  oo  oo  oo  oo 

nj  ocy  ccv  o^  ocy 

og  oo  oo  og  oo 

ino  ino  ^no  lOo  ino 

r-o  •-0  ^o  T-o  *-o 

oo  oo  oo  oo  oo 


:3  2?i  ?S!  JS  J?( 

•  o   «-o   ^O   ^O   v-O 
O      O      O      O      O 


|i  ii  II  iS  i| 

'8  '8  '8  '8  '8 

5ui    Si    5ui    Scii    5ui 


O  O 

gSi 

2§ 

gg 

ga 

iTJ   O 

•-  o 

o  o 
a  o 

3  O 

o  o 

a  o 

o  o 

o  o 

•-  O        w  o 


11  u 


:s   2S 


;  S      cr  S      s 


'5x5   '5   '5   ' 

?LiJ  <LU  <4J  <UJ  < 


^ooooo  oomoootfi 

oooooo  aoooooo 

OLULUIXfUJUJ  OUJUJlLuJUJUJ 

ooooo  ooooooo 

ooooo  ooooooo 

ooooo  OOv-OOOv- 


I     I     I     I 


O      O      O 


S   8 


its 


I? 


5  . 


i 

8   i 


Q  a 


'  8 


rs 


ii 


0  m 

'  8 


is 


2     55 

—  E   Lk<  « 

Its: 

—  < 

<  a 

a.  a. 

i_ 

—  I  u.  t 

—  <   Itf   c 

-* 


o 


5  S 

S  f 

i  s 

a.  «^ 


ii 


ESl 


E 


ALTERNATIVE  C,  SPILLWAY  CAPACITY  -  103,400  [27%   PMFJ 
LOSSHDF  LIFE  PROBABILITIES 

LOSS-OF-LIFE  PROBABILITY 


• 

0 

TO 

15 

9 

49E-05                                            • 

• 

0 

TO 

25 
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48E-04                                              • 

•                   MORE 

THAN 

25 

0 

OOE+00                                            • 

HYDflOLOGIC  EVENT  LOSS-OF-LIFE  PROBABILITY 


0    TO    15  9.49E-05 

MORE  THAN        15  O.DDE+DD 


SEISMIC  EVENT     LOSS-OF-LIFE  PROBABILITY 


0    TO    25  1.00E-06 

MDRE  THAN         25  O.OOE+00 


STATIC  EVENT      LOSS-OF-LIFE  PROBABILITY 


0    TO    25  5.24E-05 

MORE  THAN        25  O.ODE+00 
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